Enterprise DBA Part 1A:
Architecture and
Administration

Volume 1 ¢ Instructor Guide

30049GC10
Production 1.0
August 1999
M09007

ORACLE’



Authors

Bruce Ernst

Hanne Rue Rasmussen
Ulrike Schwinn

Vijay Venkatachalam

Technical Contributors
and Reviewers

David Austin

Ben van Balen
Gerry Batista
Doug Bridges
Sandra Cheevers
Ralf Durben

Ari Fyhr

Joel Goodman
Scott Gossett

Lex de Haan
Tony Holbrook
Heike Hundt
Christine Jeal
Dominique Jeunot
Thomas Kerepes
Steven King
Pierre Labrousse
Dean Margolese
Jean-Marie Misztela
Tigger Newman
Howard Ostrow
Hans Proetz
Gary Purcell
Shankar Raman
Donalyn Selinsky
Roger Simon
James Spiller
Ramonito Te
Sabine Teuber
Jean-Francois Verrier
Norbert Wittje

Publisher
Sherry Polm

Copyright O Oracle Corporation, 1999. All rights reserved.

This documentation contains proprietary information of Oracle Corporation. It is
provided under a license agreement containing restrictions on use and disclosure
and is also protected by copyright law. Reverse engineering of the software is
prohibited. If this documentation is delivered to a U.S. Government Agency of the
Department of Defense, then it is delivered with Restricted Rights and the
following legend is applicable:

Restricted Rights Legend

Use, duplication or disclosure by the Government is subject to restrictions for
commercial computer software and shall be deemed to be Restricted Rights
software under Federal law, as set forth in subparagraph (c) (1) (i) of DFARS
252.227-7013, Rights in Technical Data and Computer Software (October 1988).

This material or any portion of it may not be copied in any form or by any means
without the express prior written permission of Oracle Corporation. Any other
copying is a violation of copyright law and may result in civil and/or criminal
penalties.

If this documentation is delivered to a U.S. Government Agency not within the
Department of Defense, then it is delivered with “Restricted Rights,” as defined in
FAR 52.227-14, Rights in Data-General, including Alternate Il (June 1987).

The information in this document is subject to change without notice. If you find
any problems in the documentation, please report them in writing to Education
Products, Oracle Corporation, 500 Oracle Parkway, Box SB-6, Redwood Shores,
CA 94065. Oracle Corporation does not warrant that this document is error-free.

SQL*Loader, SQL*Net, SQL*Plus, Net8, Oracle Call Interface, Oracle7, Oracle8,
Oracle8i, Developer/2000, Developer/2000 Forms, Designer/2000, Oracle
Enterprise Manager, Oracle Parallel Server, PL/SQL, Pro*C, Pro*C/C++, and
Trusted Oracle are trademarks or registered trademarks of Oracle Corporation.

All other products or company names are used for identification purposes only
and may be trademarks of their respective owners.



Contents

Contents

Preface
Profile xvii
Related Information xix
Typographic Conventions xx

Introduction
Objectives |-2
Oracle8i Enterprise Edition 1-3
Database Administrator Tasks I-5
Course Schedule I-6

Lesson 1: Oracle Architectural Components
Objectives 1-2
Overview 1-3
Oracle Database Files 1-5
Other Key Files 1-6
Oracle Instance 1-7
Processing a SQL Statement 1-9
Connecting to a Database 1-10
Processing a Query 1-12
The Shared Pool 1-14
Database Buffer Cache 1-16
Program Global Area1-17
Processing aDML Statement 1-19
Redo Log Buffer 1-21
Rollback Segment 1-22
COMMIT Processing 1-23
Log Writer 1-25
Other Instance Processes 1-26
Database Writer 1-27
SMON: System Monitor 1-28
PMON: Process Monitor 1-30
Archiving 1-31
Summary 1-33

Enterprise DBA Part 1A: Architecture and Administration iii



Contents

Lesson 2: Getting Started with the Oracle Server
Objectives 2-2
Overview 2-3
Oracle Universal Installer 2-4
Validating Privileged Users 2-8
Oracle Enterprise Manager 2-15
Summary 2-30

Lesson 3: Managing an Oracle Instance
Objectives 3-2
Overview 3-3
Stages in Startup and Shutdown 3-10
Starting Up the Instance 3-13
Changing Database Availability 3-16
Opening a Database in Read-Only Mode 3-17
Shutting Down 3-18
Getting and Setting Parameter Vaues 3-22
Managing Sessions 3-29
Summary 3-36

Lesson 4: Creating a Database
Objectives 4-2
Overview 4-3
Preparing the Operating System 4-4
Creating a Database 4-10
Using the Database Configuration Assistant 4-11
Creating a Database Manually 4-15
Summary 4-29

Lesson 5: Creating Data Dictionary Views and Standard Packages
Objectives 5-2
Overview 5-3
Data Dictionary Overview 5-4
Data Dictionary Contents 5-5

iv Enterprise DBA Part 1A: Architecture and Administration



Contents

Base Tables and Data Dictionary Views 5-6
How the Data Dictionary |s Used 5-7
Data Dictionary View Categories 5-8
Data Dictionary Examples 5-10
Dynamic Performance Views 5-11
Stored Program Units 5-12

Stored PL/SQL Program Units 5-14
Packages 5-16

Executing a PL/SQL Program Unit 5-17
Package Specification and Body 5-18
Oracle-Supplied Packages 5-19
Obtaining Information 5-20
Troubleshooting 5-22

Constructing the Data Dictionary 5-23
Administrative Scripts 5-25

Built-in Package Example 5-27
Triggers 5-29

Parts of a Trigger 5-31

Trigger Example 5-33

Summary 5-34

Lesson 6: Maintaining the Control File
Objectives 6-2
The Use of the Control File 6-3
Control File Contents 6-4
Multiplexing the Control File 6-6
Guidelines for Control Files6-7
Obtaining Information About the Control File 6-9
Summary 6-11

Lesson 7: Maintaining Redo Log Files
Objectives 7-2
Overview 7-3
Using Online Redo Files 7-4

Enterprise DBA Part 1A: Architecture and Administration %



Contents

LGWR, Log Switches, and Checkpoints 7-6
Archiving Redo Log Files 7-8

Obtaining Log and Archive Information 7-11
Controlling Log Switches and Checkpoints 7-18
Multiplexing and Maintaining Members and Groups 7-21
Relocating or Renaming Online Redo Log Files 7-24
Dropping Online Redo Log Groups and Members 7-26
Planning Online Redo Logs 7-30

Troubleshooting 7-32

Using LogMiner 7-33

Summary 7-40

Lesson 8: Managing Tablespaces and Data Files
Objectives 8-2
Overview 8-3
Database Storage Hierarchy 8-4
SYSTEM and Non-SY STEM Tablespaces 8-7
Creating Tablespaces 8-8
Space Management in Tablespaces 8-12
Locally Managed Tablespaces 8-13
Temporary Tablespace 8-15
Changing the Storage Settings 8-18
Taking Tablespaces Offline or Online 8-20
Read-Only Tablespaces 8-23
Dropping Tablespaces 8-26
Resizing a Tablespace 8-29
Enabling Automatic Resizing of Data Files 8-30
Manually Resizing Data Files 8-33
Adding Data Files to a Tablespace 8-34
Moving Data Files 8-36
Data Dictionary Information 8-39
Guidelines 8-40
Summary 8-42

Vi Enterprise DBA Part 1A: Architecture and Administration



Contents

Lesson 9: Storage Structure and Relationships
Objectives 9-2
Overview 9-3
Types of Segments 9-4
Storage Clause Precedence 9-8
Extent Allocation and Deallocation 9-9
Used and Free Extents 9-10
Using Block Space Utilization Parameters 9-11
Obtaining Information About Storage Structures 9-16
Querying DBA_SEGMENTS 9-17
Querying DBA_EXTENTS9-18
Querying DBA_FREE_SPACE 9-19
Planning the Location of Segments 9-20
Summary 9-22

Lesson 10: Managing Rollback Segments
Objectives 10-2
Overview 10-3
Rollback Segments 10-4
Using Rollback Segmentswith Transactions 10-8
Creating Rollback Segments 10-12
Maintaining Rollback Segments 10-18
Obtaining Rollback Segment Information 10-26
Planning Rollback Segments 10-32
Troubleshooting Rollback Segment Problems 10-34
Summary 10-40

Lesson 11: Managing Tables
Objectives 11-2
Overview 11-3
Oracle Data Types 11-7
Creating a Table 11-17
Controlling Space Used by Tables 11-25
Retrieving Table Information 11-41
Summary 11-47

Enterprise DBA Part 1A: Architecture and Administration vii



Contents

Lesson 12: Managing Indexes
Objectives 12-2
Overview 12-3
Creating Indexes 12-12
Reorganizing Indexes 12-22
Dropping Indexes 12-29
Obtaining Index Information 12-31
Summary 12-33

Lesson 13: Maintaining Data Integrity
Objectives 13-2
Overview 13-3
Integrity Constraints 13-5
Implementing Constraints 13-14
Maintaining Constraints 13-19
Getting Constraint Information 13-26
Summary 13-29

Lesson 14: Loading Data
Objectives 14-2
Overview 14-3
Loading Data Using Direct-Load Insert 14-5
Loading Data Using SQL*Loader 14-8
Direct Path L oading 14-28
Summary 14-29

Lesson 15: Reorganizing Data
Objectives 15-2
Overview 15-3
Transportable Tablespaces 15-23
Transporting a Tablespace 15-25
Exporting and Importing M etadata 15-26
Transporting a Tablespace 15-28
Transportable Tablespace Uses 15-29

viii Enterprise DBA Part 1A: Architecture and Administration



Contents

Transportable Tablespaces and Schema Objects 15-30
Checking the Transport Set 15-31
Summary 15-32

Lesson 16: Managing Password Security and Resources
Objectives 16-2
Overview 16-3
Administering Passwords 16-5
Altering and Dropping a Profile 16-20
Controlling Usage of Resources 16-24
Viewing Password and Resource Limits Information 16-31
Summary 16-33

Lesson 17: Managing Users
Objectives 17-2
Overview 17-3
Creating New Database Users 17-6
Altering and Dropping Database Users 17-14
Dropping Users 17-17
Monitoring Information About Users 17-18
Summary 17-20

Lesson 18: Managing Privileges
Objectives 18-2
Overview 18-3
System Privileges 18-4
Granting System Privileges 18-6
Password File Authentication 18-9
Displaying System Privileges 18-11
Revoking System Privileges 18-14
Object Privileges 18-17
Granting Object Privileges 18-18
Displaying Object Privileges 18-20
Revoking Object Privileges 18-21

Enterprise DBA Part 1A: Architecture and Administration iX



Contents

Auditing Guidelines 18-25
Using Database Auditing 18-29
Viewing Auditing Results 18-36
Summary 18-37

Lesson 19: Managing Roles
Objectives 19-2
Overview 19-3
Creating and Modifying Roles 19-5
Assigning Roles 19-11
Controlling Availability of Roles 19-13
Displaying Role Information 19-22
Using Fine-Grained Access Control 19-23
Summary 19-25

Lesson 20: Using National Language Support
Objectives 20-2
Overview 20-3
Choosing a Database and a National Character Set 20-5
Specifying Language-Dependent Behavior 20-11
NLS Parameters and SQL Functions 20-19
NLS Parametersin SQL Functions 20-22
Linguistic Index Support 20-26
Importing and Loading Data Using NL S 20-27
Obtaining Information About NLS Settings 20-28
Summary 20-33

Appendix A: Practices
Environment A-2
Practice 1. Oracle Architectural Components A-3
Practice 2: Getting Started With Oracle A-5
Practice 3: Managing an Oracle Instance A-6
Practice 4. Creating a Database A-8
Practice 5: Creating Data Dictionary Views and Standard Packages A-9

X Enterprise DBA Part 1A: Architecture and Administration



Practice 6:
Practice 7:
Practice 8:
Practice 9:

Practice 10:
Practice 11.
Practice 12:
Practice 13:
Practice 14:
Practice 15:
Practice 16:
Practice 17:
Practice 18:
Practice 19:
Practice 20:

Practice 1:
Practice 2:
Practice 3:
Practice 4:
Practice5:
Practice 6:
Practice 7:
Practice 8:
Practice 9:

Practice 10:
Practice 11.
Practice 12:
Practice 13:
Practice 14:
Practice 15:
Practice 16:

Maintaining the Control File A-10
Maintaining Redo Log Files A-11
Managing Tablespaces and Data Files A-12
Storage Structure and Relationships A-13
Managing Rollback Segments A-14
Managing Tables A-15

Managing Indexes A-17

Maintaining Data I ntegrity A-19
Loading Data A-20

Reorganizing Data A-21

Managing Password Security A-22
Managing Users A-23

Managing Privileges A-24

Managing Roles A-25

Using National Language Support A-26

Appendix B: Hints

Oracle Architectural Components B-2
Getting Started With Oracle B-3
Managing an Oracle Instance B-4
Creating a Database B-7

Contents

Creating Data Dictionary Views and Standard Packages B-8

Maintaining the Control File B-9
Maintaining Redo Log Files B-10
Managing Tablespaces and Data Files B-12
Storage Structure and Relationships B-14
Managing Rollback Segments B-16
Managing Tables B-18

Managing Indexes B-20

Maintaining Data I ntegrity B-22
Loading Data B-23

Reorganizing Data B-25

Managing Password Security B-26

1A: Architecture and Administration

Enterprise DBA Part



Contents

Practice 17: Managing Users B-27

Practice 18: Managing Privileges B-28

Practice 19: Managing Roles B-29

Practice 20: Using Nationa Language Support B-30

Appendix C: Practice Solutions for SQL*Plus
Practice 1 Solutions C-2
Practice 2 Solutions C-4
Practice 3 Solutions C-7
Practice 4 Solutions C-16
Practice 5 Solutions C-20
Practice 6 Solutions C-24
Practice 7 Solutions C-27
Practice 8 Solutions C-33
Practice 9 Solutions C-40
Practice 10 Solutions C-46
Practice 11 Solutions C-54
Practice 12 Solutions C-59
Practice 13 Solution C-63
Practice 14 Solutions C-69
Practice 15 Solutions C-75
Practice 16 Soltuions C-80
Practice 17 Solutions C-84
Practice 18 Solutions C-87
Practice 19 Solutions C-92
Practice 20 Solutions C-95

Appendix D: Practice Solutions for Oracle Enterprise Manager
Practice 1 Solutions D-2
Practice 2 Solutions D-3
Practice 3 Solutions D-4
Practice 4 Solutions D-8
Practice 5 Solutions D-9
Practice 6 Solutions D-10

Xii Enterprise DBA Part 1A: Architecture and Administration



Contents

Practice 7 Solutions D-12

Practice 8 Solutions D-19

Practice 9 Solutions D-25

Practice 10 Solutions D-26
Practice 11 Solutions D-37
Practice 12 Solutions D-42
Practice 13 Solutions D-47
Practice 14 Solutions D-49
Practice 15 Soltuions D-52
Practice 16 Solutions D-59
Practice 17 Solutions D-64
Practice 18 Solutions D-71
Practice 19 Solutions D-76
Practice 20 Solutions D-80

Appendix E: Certification Test: Sample Questions

Oracle Certified Professiona (OCP) Program: Oracle Certified
Database Administrator Track E-2

Oracle Database Administration: Sample Test E-3
Oracle Backup and Recovery Sample Test E-5
Answers E-8

Registering for an OCP Test E-9

Enterprise DBA Part 1A: Architecture and Administration Xiii



Contents

Xiv Enterprise DBA Part 1A: Architecture and Administration



Preface






Profile

Profile

This course is designed to give the Oracle database administrator (DBA) afirm
foundation in basic administrative tasks. The primary goal of this course isto give the
DBA the necessary knowledge and skills to set up, maintain, and troubleshoot an
Oracle database. This course has been designed for database administrators, technical
support analysts, system administrators, application developers, MIS managers, and
other Oracle users.

This preface covers the following sections:
* Before You Begin This Course

* Prerequisites

* How This Course Is Organized

* How This Book Is Organized

* Related Publications

* Typographic Conventions

Before You Begin This Course

The specific skills you as a participant must have in order to derive the maximum
value from attending this course are:

» Familiarity with relational database concepts

* Thorough knowledge of SQL, SQL*Plus, and PL/SQL
* Basic operating system knowledge

* Working experience with the Oracle environment

Prerequisites
e SQL1
* PL/SQL Fundamentals

Enterprise DBA Part 1A: Architecture and Administration Xvii
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How This Course Is Organized

Enterprise DBA Part 1A: Architecture and Administration is an instructor-led course
featuring lectures and hands-on exercises. Online demonstrations, animation, and
written practice sessions reinforce the concepts and skills introduced. The course also
uses challenge-level practice labs, including scenarios and new drill-down topics for
NT users.

In addition, bulletins form Oracle Worldwide Support that address the most frequently
asked questions are used to prepare participants to troubleshoot real-world issues.

This course contains clearly defined objectives designed to support preparation for the
Oracle Certified Professional examination.

Xvili Enterprise DBA Part 1A: Architecture and Administration



Related Information

Related Information

Oracle Publications

Title Part Number
Oracle8i Generic Documentation Set, Release 8.1.5 A69148
Oracle8i Enterprise Edition: Getting Sarted Release 8.1.5
for Windows NT A68694-02
Oracle8i: Administrator's Reference Release 8.1.5 for Sun
SPARC Solaris A67456-01
Oracle Press: Oracle8: DBA Handbook A54760
Oracle Press: Oracle8: A Beginner’'s Guide A54756
Oracle Press: Oracle8: The Complete Reference A54759
Oracle Enterprise Manager Documentation Set A67817
Web Sites

http://ww. oracle.com

http://education.oracl e.com

http://ww. oramag. com

Oracle Education Student Union

In the Student Union (Oracle’s online student community), you can continue to learn
through online forums with Oracle instructors or online mini-lessons with streaming
Real Video. You can also find valuable course information in the Resource Center.

Log in to the Oracle Education Student Uniomtatp: / / educat i on. or acl e. com
View one of the following mini-lessons:

» Oracle8-Managebility Enhancements

* Overview of OracleBPL/SQL Features and Positioning

Additional Publications

» System release bulletins

» Installation and configuration guides

* International Oracle User’s Group (IOUG) articles
* Oracle Magazine
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Typographic Conventions

Typographic Conventions in Text

Convention Element Example
Bolditalic Glossary term (if The algorithm inserts the new key.
thereisaglossary)
Capsand lowercase | Buttons, Click the Executable button.
check boxes, Select the Can't Delete Card check box.
trl_ggers, Assign a When-Validate-Item trigger . . .
windows .
Open the Master Schedule window.
Courier new, Code output, Code outputdebug. seti (* 1’ , 300);
case sensitive directory names, | Directory:bi n (DOS),$FMHOVE (UNIX)
(default is filenames, Filename: Locate thieni t . or a file.
lowercase) passwords, . _
pathnames, Password: Usei ger as your password.
URLs, Pathname: Opem: \ ny_docs\ proj ect s
user input, URL: Go toht t p: / / ww. or acl e. com
usernames

User input: EnteB00
Username: Log on asot t

Initial cap Graphics labels Customer addressift Oracle Payables)
(unless the term is &
proper noun)

=

Italic Emphasized words| Do not save changes to the database.
and phrases, For further information, se@racle7 Server
titles of books SQL Language Reference Manual.

and courses, .
Enteruser_i d@s. or acl e. com where

variables user_id is the name of the user.
Quotation marks Interface elements Select “Include a reusable module
with long names | component” and click Finish.
that have only This subject is covered in Unit II, Lesson 3,

initial caps; lesson | “working with Objects.”
and chapter titles in

cross-references
Uppercase SQL column Use the SELECT command to view
names, commands} information stored in the LAST_NAME
functions, schemas,, column of the EMP table.

table names

XX Enterprise DBA Part 1A: Architecture and Administration



Typographic Conventions

Convention Element Example

Arrow Menu paths Select File—>Save.

Brackets Key names Press [Enter].

Commas Key sequences Press and release these keys one at a time:
[Alt], [F], [D]

Plus signs Key combinations| Press and hold these keys simultaneously:
[Ctrl]+[Alt]+[Del]

Typographic Conventions in Code

Convention Element Example

Caps and lowercase Oracle Forms | Wien-Val i date-1tem
triggers

Lowercase Column names,| SELECT | ast _nane
table names FROM s_enp;
Passwords DROP USER scott

| DENTI FI ED BY tiger;

PL/SQL objects

OG_ACTI VATE_LAYER
(OG_GET_LAYER (' prod_pie_l ayer’))

Lowercase italic Syntax variableg

5 CREATE ROLE rol e

Uppercase SQL commds

and functions

SELECT userid
FROM enp;

Typographic Conventions in Navi

gation Paths

This course uses simplified navigation paths, such as the following example, to direct

you through Oracle Applications.

(N) Invoice—>Entry—>Invoice Batc
(B) Approve

hes Summary (M) Query—>Find

This simplified path translates to the following:

1 (N) From the Navigator window,
Summary.

select Invoice—>Entry—>Invoice Batches

2 (M) From the menu bar, select Query—>Find.

3 (B) Click the Approve button.

N = NavigatorM = Menu,B = Button

Enterprise DBA Part 1A: Architecture and Administration
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Introduction

Objectives

Course Objectives

After completing this course, you should be able to
do the following:

® Start up and shut down an Oracle instance and
database

* Create an operational database
®* Manage Oracle database files

* Manage tablespaces, segments, extents, and
blocks

®* Manage users, privileges, and resources
®* Use National Language Support (NLS) features

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG
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Oracle8i Enterprise Edition

Oracle8i Enterprise Edition

Oracle8i Enterprise Edition

Oracle Enterprise Advanced
Manager Packs JServer security

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

What Is the Oracle8i Enterprise Edition?

Oracle8i Enterprise Edition is an object relational database that is scalable and easily
manageable. The administration of the basic enterprise edition isdiscussed in this
course. However, the following options provide additional functionality:

Partitioning: Provides facilities for implementing large, scalable applications. (It
enables control over tables and indexes at a lower level of granularity than is
possible with the basic enterprise edition.)

Oracle Parallel Server: Improves the scalability and availability of a database by
allowing multiple copies of the Oracle software to access a single database.

Oracle Enterprise Manager Packs: Built on top of the Oracle Enterprise Manager.
Oracle Enterprise Manager Diagnostics, Tuning, and Change Management Packs
are add-ons that provide DBAs with a set of tools for advanced diagnostics,
monitoring, tuning, and change management of Oracle environments. Oracle
Enterprise Manager also provides a DBA Management Pack that enables DBAs to
do basic administration, such as creating users, starting up an instance, granting
privileges, and so on.

Enterprise DBA Part 1A: Architecture and Administration I-3
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What Is the Oracle8i Enterprise Edition? (continued)

» Oracle JServer: Enables users to define a variety of application programming
models, including Java stored procedures and triggers, Java methods of object
relational types, CORBA objects, Enterprise JavaBeans, Java servlets, and Java
Server Pages. It also supports a variety of standards-based protocols such as
Internet Inter-ORB Protocol (11OP) and Hypertext Transfer Protocol (HTTP), in
addition to Net8.

» Advanced security: Provides client-server, server-server network security, using
encryption and data integrity checking, and supports enhanced user authentication
services, using third-party security services.

I-4 Enterprise DBA Part 1A: Architecture and Administration



Database Administrator Tasks

Database Administrator Tasks

Database Administrator Tasks

®* Manage database availability
®* Plan and create databases
®* Manage physical structures

®* Manage storage based on design
B

®* Manage security

* Network administration
®* Backup and recovery
* Database tuning
Copyright 0 Oracle Corporation, 1999, All rights reserved.  (IIRACLE’

Scope of the Course

This courseisthefirst in aseries of four courses that cover the core database
administrator tasks. The tasks covered in this course are:

* Managing database availability

* Planning and creating databases

* Managing the physical structures

* Managing storage, based on the design specifications

* Managing database users, and controlling and monitoring their actions

DBA Tasks Covered in Other Courses

The following tasks are discussed in other courses:

* Network administration ifenterprise DBA Part 3: Network Administration

» Backup and recovery interprise DBA Part 1B: Backup and Recovery Workshop
» Database tuning iEnterprise DBA Part 2: Performance Tuning Workshop

* Oracle Enterprise Manager @racle Enterprise Manager V2

Enterprise DBA Part 1A: Architecture and Administration I-5
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Course Schedule

Suggested Course Schedule

Day Start End

1 Lesson 1 Lesson 4
2 Lesson 4 (Practice) | Lesson7
3 Lesson 8 Lesson 11
4 Lesson 12 Lesson 15
5 Lesson 16 Lesson 20

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Course Schedule
The following is the recommended lesson schedule for this course:

Day 1

Lesson 1: Oracle Architectural Components
Lesson 2: Getting Started with the Oracle Server
Lesson 3: Managing an Oracle Instance

Lesson 4: Creating a Database (L ecture)

Day 2

Lesson 4: Creating a Database (Practice)

Lesson 5: Creating Data Dictionary Views and Standard Packages
Lesson 6: Maintaining the Control File

Lesson 7: Maintaining Redo Log Files

I-6 Enterprise DBA Part 1A: Architecture and Administration



Course Schedule

Course Schedule (continued)

Day 3

Lesson 8: Managing Tablespaces and Data Files
Lesson 9: Storage Structure and Relationships
Lesson 10: Managing Rollback Segments
Lesson 11: Managing Tables

Day 4

Lesson 12: Managing | ndexes

Lesson 13: Maintaining Data Integrity
Lesson 14: Loading Data

Lesson 15: Reorganizing Data

Day 5

Lesson 16: Managing Password Security and Resources
Lesson 17: Managing Users

Lesson 18: Managing Privileges

Lesson 19: Managing Roles

Lesson 20: Using National Language Support

Enterprise DBA Part 1A: Architecture and Administration I-7
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Lesson 1: Oracle Architectural Components

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Describe the Oracle server architecture and its
main components

® List the structures involved in connecting a user to
an Oracle instance

* Listthe stages in processing:
— Queries
— DML statements
— COMMITs

Copyright 00 Oracle Corporation, 1999. All rights reserved. OR’ACLE

Objectives

Thislesson introduces the Oracle server architecture by examining thefiles, processes,
and memory structures involved in establishing a database connection and executing a
SQL command.

1-2 Enterprise DBA Part 1A: Architecture and Administration
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Overview
Overview
Instance
@ Shared pool | SGA
Library
cache Data buffer || Redo log
Server Data dict. cache buffer
process cache
(SMON) (DB WD) (PMOR)(CKPTY(LoWR)Gtherd)

v4

Pl e ]
W file W W w mesw
L s

rchive
log file
‘ Database
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Overview

The Oracle server isan object relational database management system that provides an
open, comprehensive, integrated approach to information management.

Primary Components

There are severa processes, memory structures, and filesin an Oracle server;

however, not all of them are used when processing a SQL statement. Some are used to
improve the performance of the database, ensure that the database can be recovered in
the event of a software or hardware error, or perform other tasks necessary to maintain
the database. The Oracle server consists of an Oracle instance and an Oracle database.

Oraclelnstance An Oracleinstanceisthe combination of the background processes
and memory structures. The instance must be started to access the datain the database.
Every time an instance is started, a System Global Area(SGA) isallocated and Oracle
background processes are started.

* The SGA is a memory area used to store database information that is shared by
database processes.

Enterprise DBA Part 1A: Architecture and Administration 1-3



Lesson 1: Oracle Architectural Components

Primary Components (continued)

Oracle Instance (continued)

» Background processes perform functions on behalf of the invoking process. They
consolidate functions that would otherwise be handled by multiple Oracle
programs running for each user. The background processes perform 1/0O and
monitor other Oracle processes to provide increased parallelism for better
performance and reliability.

Other Processes The user process is the application program that originates SQL
statements. The server process executes the SQL statements sent from the user
process.

Database Files Database files are operating system files that provide the actual
physical storage for database information. The database files are used to ensure that
the data is kept consistent and can be recovered in the event of a failure of the instance.

Other Files Nondatabase files are used to configure the instance, authenticate
privileged users, and recover the database in the event of a disk failure.

SQL Statement Processing

The user and server processes are the primary processes involved when a SQL
statement is executed; however, other processes may help the server complete the
processing of the SQL statement.

Oracle Database Administrators

Database administrators are responsible for maintaining the Oracle server so that the
server can process user requests. An understanding of the Oracle architecture is
necessary to maintain it effectively.

This course focuses on creating and maintaining an Oracle server where users connect
either by directly logging in to the machine running the Oracle server or by using a
client-server model.

1-4 Enterprise DBA Part 1A: Architecture and Administration



Oracle Database Files

Oracle Database Files

Oracle Database Files
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Oracle Database Files

An Oracle database is a collection of datathat istreated as aunit. The general purpose
of adatabase is to store and retrieve related information. The database has a logical
structure and a physical structure. The physical structure of the database is the set of
operating system files in the database. An Oracle database consists of three file types:

» Data files contain the actual data in the database. The data is stored in user-defined
tables, but data files also contain the data dictionary, before-images of modified
data, indexes, and other types of structures. A database has at least one data file.
The characteristics of data files are:

— A data file can be associated with only one database.
— Data files can have certain characteristics set to allow them to automatically
extend when the database runs out of space.

— One or more data files form a logical unit of database storage called a
tablespace. The logical structure of the database is discussed in Lesson 8,
“Managing Tablespaces and Data Files.”

* Redo logs contain a record of changes made to the database to enable recovery of
the data in case of failures. A database requires at least two redo log files.

» Control files contain information necessary to maintain and verify database
integrity. For example, a control file is used to identify the data files and redo log
files. A database needs at least one control file.
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Other Key Files

The Oracle server also uses other files that are not part of the database:

* The parameter file defines the characteristics of an Oracle instance. For example, it
contains parameters that size some of the memory structures in the SGA.

* The password file authenticates which users are permitted to start up and shut
down an Oracle instance.

» Archived redo log files are offline copies of the redo log files that may be
necessary to recover from media failures.
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Oracle Instance

An Oracle instance consists of the SGA memory structure and the background
processes used to manage a database. An instance isidentified by using methods
specific to each operating system. The instance can open and use only one database at
atime.

System Global Area

The SGA isamemory area used to store database information that is shared by
database processes. It contains data and control information for the Oracle server. It is
allocated in the virtual memory of the computer where the Oracle server resides. The
SGA consists of several memory structures:

» The shared pool is used to store the most recently executed SQL statements and
the most recently used data from the data dictionary. These SQL statements may
be submitted by a user process or, in the case of stored procedures, read from the
data dictionary.

» The database buffer cache is used to store the most recently used data. The data is
read from, and written to, the data files.

* The redo log buffer is used to track changes made to the database by the server and
background processes.
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System Global Area (continued)

The purpose of these structuresis discussed in detail in later sections of this lesson.
There are also two optional memory structures in the SGA:

» Java pool: Used to store Java code

» Large pool: Used to store large memory structures not directly related to SQL
statement processing; for example, data blocks copied during backup and restore
operations

Background Processes

The background processes in an instance perform common functions that are needed
to service requests from concurrent users without compromising the integrity and
performance of the system. They consolidate functions that would otherwise be
handled by multiple Oracle programs running for each user. The background processes
perform 1/0O and monitor other Oracle processes to provide increased parallelism for
better performance and reliability.

Depending on its configuration, an Oracle instance may include several background
processes, but every instance includes these five required background processes:

* Database Writer (DBWO) is responsible for writing changed data from the
database buffer cache to the data files.

* Log Writer (LGWR) writes changes registered in the redo log buffer to the redo
log files.

* System Monitor (SMON) checks for consistency of the database and, if necessary,
initiates recovery of the database when the database is opened.

* Process Monitor (PMON) cleans up resources if one of the Oracle processes fails.

» The Checkpoint Process (CKPT) is responsible for updating database status
information in the control files and data files whenever changes in the buffer cache
are permanently recorded in the database.

The following sections of this lesson explain how a server process uses some of the
components of the Oracle instance and database to process SQL statements submitted
by a user process.
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Processing a SQL Statement

Processing a SQL Statement

®* Connect to an instance using:
— The user process
— The server process

®* The Oracle server components that are used
depend on the type of SQL statement:

— Queries return rows.
— DML statements log changes.
— Commit ensures transaction recovery.

®* Some Oracle server components do not participate
in SQL statement processing.
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Components Used to Process SQL
Not al of the components of an Oracle instance are used to process SQL statements.

The user and server process are used to connect a user to an Oracle instance. These
processes are not part of the Oracle instance, but are required to process a SQL
statement.

Some of the background processes, SGA structures, and database files are used to
process SQL statements. Depending on the type of SQL statement, different
components are used:
— Queries require additional processing to return rows to the user.
— Data manipulation language (DML) statements require additional processing
to log the changes made to the data.
— Commit processing ensures that the modified data in a transaction can be
recovered.
Some required background processes do not directly participate in processing a
SQL statement, but are used to improve performance and to recover the database.
The optional background process, ARCO, is used to ensure that a production
database can be recovered.
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Server

Processes Used to Connect to an Instance
Before users can submit SQL statements to Oracle, they must connect to an instance.

» The user starts a tool such as SQL*Plus or runs an application developed using a
tool such as Oracle Forms. This application or tool is executedssr arocess.

* In the most basic configuration, when a user logs on to the Oracle server, a process
Is created on the computer running the Oracle server. This process is called a
server process. The server process communicates with the Oracle instance on
behalf of the user process that runs on the client. The server process executes SQL
statements on behave of the user.

Connection

A connection is a communication pathway between a user process and an Oracle
server. A database user can connect to an Oracle server in one of three ways:

* The user logs on to the operating system running the Oracle instance and starts an
application or tool that accesses the database on that system. The communication
pathway is established using the interprocess communication mechanisms
available on the host operating system.
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Connecting to a Database

Connection (continued)

* The user starts the application or tool on a local computer and connects over a
network to the computer running the Oracle instance. In this configuration, called
client-server, network software is used to communicate between the user and the
Oracle server.

* In athree-tiered connection, the user’s computer communicates over the network
to an application or a network server, which is connected through a network to the
machine running the Oracle instance. For example, the user runs a browser on a
network computer to use an application residing on an NT server that retrieves
data from an Oracle database running on a UNIX host.

Sessions

A session is a specific connection of a user to an Oracle server. The session starts when
the user is validated by the Oracle server, and it ends when the user logs out or when
there is an abnormal termination. For a given database user, many concurrent sessions
are possible if the user logs on from many tools, applications, or terminals at the same
time. Except for some specialized database administration tools, starting a database
session requires that the Oracle server be available for use.

Note: The type of connection explained here, where there is a one-to-one
correspondence between a user and server process, is called a dedicated server
connection. When using a multithreaded server (MTS) configuration, it is possible for
multiple user processes to share server processes. MTS is covered in more detail in the
courseEnterprise DBA Part 3: Network Administration.
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Processing a Query

Processing a Query

* Parse:
— Search for identical statement
— Check syntax, object names, and privileges
— Lock objects used during parse
— Create and store execution plan
* Execute: Identify rows selected
* Fetch: Return rows to user process
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Query Processing Steps

Queries are different from other types of SQL statements because, if successful, they
return data as results. Whereas other statements ssimply return success or failure, a
guery can return one row or thousands of rows.

There are three main stages in the processing of a query:
1 Parse
2 Execute
3 Fetch

Parsing a SQL Statement During the parse stage, the SQL statement is passed
from the user process to the server process, and a parsed representation of the SQL
statement is loaded into a shared SQL area.

During the parse, the server process:

» Searches for an existing copy of the SQL statement in the shared pool

* \Validates the SQL statement by checking its syntax

» Performs data dictionary lookups to validate table and column definitions
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Query Processing Steps (continued)

Parsing a SQL Statement (continued)

* Acquires parse locks on objects so that their definitions do not change during the
parsing of the statement

» Checks the user’s privileges to access the referenced schema objects
» Determines the optimal execution plan for the statement
» Loads the statement and execution plan into a shared SQL area

The parse stage includes processing requirements that usually need to be done only
once no matter how many times the statement is executed. The Oracle server usually
translates each SQL statement only once, reexecuting that parsed statement during
subsequent references to the statement. However, the Oracle server always verifies
that the user has the required privileges to execute the SQL statement.

Although parsing a SQL statement validates that statement, parsing only identifies
errors that can be found before statement execution. Thus, some errors cannot be
caught by parsing. For example, errors in data conversion or errors in data (such as an
attempt to enter duplicate values in a primary key) and deadlocks are all errors or
situations that can be encountered and reported only during the execution stage.

Executingthe SELECT Statement At this point, the Oracle server has all the
necessary information and resources, so the statement is executed. For SELECT
statements, the server process prepares to retrieve the data.

Fetching the Rowsof aQuery In the fetch stage, rows are selected, ordered (if
necessary), and returned by the server to the user. Depending on the number of rows
returned in each fetch, one or more fetches may be required to transfer the results of a
query to the user.
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The Shared Pool

The Shared Pool

Shared pool

Library
cache

dictionary OO0

cache

®* Thelibrary cache contains the SQL statement text,
parsed code, and execution plan.

®* The data dictionary cache contains table, column,
and other object definitions and privileges.

®* The shared pool is sized by SHARED POOL_SIZE.
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Shared Pool Components

During the parse stage, the server process uses the areain the SGA known as the
shared pool to compile the SQL statement. The shared pool has two primary
components:

* Library cache
» Data dictionary cache

Library Cache The library cache stores information about the most recently used
SQL statements in a memory structure called a shared SQL area. The shared SQL area
contains:

e The text of the SQL statement
» The parse tree: A compiled version of the statement
* The execution plan: The steps to be taken when executing the statement

The optimizer is the function in the Oracle server that determines the optimal
execution plan.
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The Shared Pool

Shared Pool Components (continued)

Library Cache (continued) If a SQL statement is reexecuted and a shared SQL
area already contains the execution plan for the statement, the server process does not
need to parse the statement. The library cache improves the performance of
applications that reuse SQL statements by reducing parse time and memory
requirements. If the SQL statement is not reused, it is eventually aged out of the
library cache.

Data Dictionary Cache

The data dictionary cache, also known as the dictionary cache or row cache, isa
collection of the most recently used definitionsin the database. It includes information
about database files, tables, indexes, columns, users, privileges, and other database
objects.

During the parse phase, the server process looks for the information in the dictionary
cache to resolve the object names specified in the SQL statement and to validate the
access privileges. If necessary, the server process initiates the loading of this
information from the data files.

Sizing the Shared Pool

The size of the shared pool is specified by the initialization parameter
SHARED_POOL_SIZE.
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Database Buffer Cache

Database Buffer Cache

Data buffer

-
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® Stores the most recently used blocks
® Size of a buffer based on DB_BLOCK_SIZE

®* Number of buffers defined by
DB_BLOCK_BUFFERS
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Function of the Database Buffer Cache

When a query is processed, the server process |ooks in the database buffer cache for
any blocksit needs. If the block is not found in the database buffer cache, the server
process reads the block from the data file and places a copy in the buffer cache.
Because subsequent requests for the same block may find the block in memory, the
requests may not require physical reads. The Oracle server uses aleast recently used
algorithm to age out buffers that have not been accessed recently to make room for
new blocksin the buffer cache.

Sizing the Database Buffer Cache

The size of each buffer in the buffer cache is equal to the size of an Oracle block, and
it is specified by the DB_BLOCK _SIZE parameter. The number of buffersis equal to
the value of the DB_BL OCK_BUFFERS parameter.
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Program Global Area

Program Global Area (PGA)

®* Not shared
* Writable only by the server process
* Contains:
— Sort area
— Session information
— Cursor state Server

process

— Stack space
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Program Global Area Components

The Program Global Area or Process Global Area (PGA) isamemory region that
contains data and controls information for a single server process or asingle
background process. In contrast to the SGA, which is shared by several processes, the
PGA isan areathat is used by only one process. In a dedicated server configuration,

the PGA of the server includes these components:

» Sort area: Used for any sorts that may be required to process the SQL statement
» Session information: Includes user privileges and performance statistics for the

session

» Cursor state: Indicates the stage in the processing of the SQL statements that are

currently used by the session

» Stack space: Contains other session variables

The PGA is allocated when a process is created and deallocated when the process is

terminated.
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Program Global Area (continued)

Note: Some of these structures are stored in the SGA when using a multithreaded
server (MTS) configuration. With an MTS configuration, it is possible for multiple
user processes to share server processes. MTSis covered in more detail in the course
Enterprise DBA Part 3: Network Administration. If alarge pool is created, the
structures are stored there; otherwise, they are stored in the shared pool.
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DML Processing Steps

A data manipulation language (DML ) statement requires only two phases of

processing:

» Parse is the same as the parse phase used for processing a query
* Execute requires additional processing to make data changes

DML Execute Phase
To execute a DML statement:
1 If the data and rollback blocks are not already in the buffer cache, the server

process reads them from the data files into the buffer cache.
2 The server process places locks on the rows that are to be modified.

3 In the redo log buffer, the server process records the changes to be made to the

rollback and data.

— The rollback block changes record the values of the data before it is modified.
The rollback block is used to store the before-image of the data, so that the

DML statements can be rolled back if necessary.

— The data blocks changes record the new values of the data.
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DML Execute Phase (continued)

4 The server process records the before-image to the rollback block and updates the
data block. Both of these changes are done in the database buffer cache. Any
changed blocks in the buffer cache are marked as dirty buffers—that is, buffers
that are not the same as the corresponding blocks on the disk.

The processing of a DELETE or INSERT command uses similar steps. The before-
image for a DELETE contains the column values in the deleted row, and the before-
image of an INSERT contains the row location information.

Technical Note

Because the changes made to the blocks are only recorded in memory structures and
are not written immediately to disk, a computer failure that causes the loss of the SGA
may also lose these changes.

1-20 Enterprise DBA Part 1A: Architecture and Administration



Redo Log Buffer

Redo Log Buffer

Redo Log Buffer

Redo log

N

OOOO0O

* Size defined by LOG_BUFFER

®* Records changes made through the instance
* Used sequentially

* |s acircular buffer
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Redo Log Buffer Characteristics

The server process records most of the changes made to datafile blocksin theredo log
buffer, which is a part of the SGA. The redo log buffer has the following
characteristics:

* lIts size in bytes is defined by the LOG_BUFFER parameter.

» It records the block that is changed, the location of the change, and the new value
in a redo entry. A redo entry makes no distinction between the type of block that is
changed; it simply records which bytes are changed in the block.

* The redo log buffer is used sequentially, and changes made by one transaction may
be interleaved with changes made by other transactions.

» Itis a circular buffer that is reused after it is filled, but only after all the old redo
entries are recorded in the redo log files.

Note: The redo log files are covered in more detail in the lesson “Maintaining Redo
Log Files.”
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Rollback Segment

Before making a change, the server process saves the old data value into a rollback
segment. This before-image is used to:

* Undo the changes if the transaction is rolled back

* Provide read consistency by ensuring that other transactions do not see
uncommitted changes made by the DML statement

+ Recover the database to a consistent state in case of failures

Rollback segments, like tables and indexes, exist in data files, and rollback blocks are
brought into the database buffer cache as required.

Rollback segments are created by the DBA.
Changes to rollback segments are recorded in the redo log buffer.

More information about rollback segments is provided in the lesson “Managing
Rollback Segments.”
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Fast COMMIT

The Oracle server uses afast commit mechanism that guarantees that the committed
changes can be recovered in case of instance failure.

System Change Number

Whenever atransaction commits, the Oracle server assigns a commit system change
number (SCN) to the transaction. The SCN is monotonically incremented and is
unique within the database. It is used by the Oracle server as an internal time stamp to
synchronize data and to provide read consistency when data s retrieved from the data
files. Using the SCN enables the Oracle server to perform consistency checks without
depending on the date and time of the operating system.

Steps in Processing COMMITs
When aCOMMIT isissued, the following steps are performed:

1 The server process places a commit record, along with the SCN, in the redo log
buffer.

2 LGWR performs a contiguous write of all the redo log buffer entries up to and
including the commit record to the redo log files. After this point, the Oracle server
can guarantee that the changes will not be lost even if there is an instance failure.
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Steps in Processing COMMITs (continued)

3 Theuser isinformed that the COMMIT is complete.
4 The server process records information to indicate that the transaction is complete

and that resource locks can be released.

Flushing of the dirty buffers to the data file is performed independently by DBWO and
can occur either before or after the commit.

Advantages of the Fast COMMIT

The fast commit mechanism ensures data recovery by writing changes to the redo log
buffer instead of the datafiles. It has the following advantages:

Sequential writes to the log files are faster than writing to different blocks in the
data file.

Only the minimal information that is necessary to record changes is written to the
log files, whereas writing to the data files would require whole blocks of data to be
written.

If multiple transactions request to commit at the same time, the instance
piggybacks redo log records into a single write.

Unless the redo log buffer is particularly full, only one synchronous write is
required per transaction. If piggybacking occurs, there can be less than one
synchronous write per transaction.

Because the redo log buffer may be flushed before the COMMIT, the size of the
transaction does not affect the amount of time needed for an actual COMMIT
operation.

Note: Rolling back a transaction does not trigger LGWR to write to disk. The Oracle
server always rolls back uncommitted changes when recovering from failures. If there
is a failure after a rollback, before the rollback entries are recorded on disk, the
absence of a commit record is sufficient to ensure that the changes made by the
transaction are rolled back.
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LOG Writer

LGWR performs sequential writes from the redo log buffer to the redo log file under
the following situations:

* When a transaction commits

* When the redo log buffer is one-third full

* When there is more than a megabyte of changes recorded in the redo log buffer

» Before DBWO writes modified blocks in the database buffer cache to the data files

Because the redo is needed for recovery, LGWR confirms the COMMIT only after the
redo is written to disk.
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Other Instance Processes

Other Instance Processes

®* Other required processes:
— Database Writer (DBWO)
— Process Monitor (PMON)
— System Monitor (SMON)
— Checkpoint (CKPT)

®* The archive process (ARCO) is usually created in a
production database
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Other Required Processes

Four other required processes do not participate directly in processing SQL
statements:

» Database Writer (DBWO)
* Process Monitor (PMON)
» System Monitor (SMON)
* Checkpoint (CKPT)

The checkpoint process is used to synchronize database files. It is covered in detail in
the lesson “Maintaining Redo Log Files.”

The Archiver Process

All other background processes are optional, depending on the configuration of the
database; however, one of them, ARCO, is crucial to recovering a database after the
loss of a disk. The ARCO process is usually created in a production database.
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Database Writer

The server process records changes to rollback and data blocks in the buffer cache.

The Database Writer (DBWO) writes the dirty buffers from the database buffer cache

to the data files. It ensures that a sufficient number of free buffers—buffers that can be
overwritten when server processes need to read in blocks from the data files—are
available in the database buffer cache. Database performance is improved because
server processes make changes only in the buffer cache, and the DBWO defers writing
to the data files until one of the following events occurs:

* The number of dirty buffers reaches a threshold value

» A process scans a specified number of blocks when scanning for free buffers and
cannot find any

* Atimeout occurs (every three seconds)

* A checkpoint occurs (A checkpoint is a means of synchronizing the database
buffer cache with the data file. Checkpoints are covered in detail in the lesson
“Maintaining Redo Log Files.”)
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SMON: System Monitor

SMON: System Monitor

* Automatically recovers the instance
— Rolls forward changes in the redo logs
— Opens the database for user access
— Rolls back uncommitted transactions

®* Coalesces free space

®* Deallocates temporary segments
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SMON: System Monitor

If the Oracle instance fails, any information in the SGA that has not been written to
disk islost. For example, the failure of the operating system causes an instance failure.
After the loss of the instance, the background process SMON automatically performs
instance recovery when the database is reopened. | nstance recovery consists of the
following steps:

1 Rolling forward to recover data that has not been recorded in the data files but that
has been recorded in the online redo log. This data has not been written to disk
because of theloss of the SGA during instance failure. During this process, SMON
reads the redo log files and applies the changes recorded in the redo log to the data
blocks. Because all committed transaction have been written to the redo logs, this
process completely recovers these transactions.

2 Opening the database to alow usersto log on. Any data that is not locked by
unrecovered transactions isimmediately available.

3 Rolling back uncommitted transactions. They are rolled back by SMON or by the
individual server processes as they access locked data.
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SMON: System Monitor (continued)
SMON also performs some space maintenance functions:
* It combines, or coalesces, adjacent areas of free space in the data files.

» It deallocates temporary segments to return them as free space in data files.
Temporary segments are used to store data during SQL statement processing.
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PMON: Process Monitor

PMON: Process Monitor

Cleans up after failed processes by:
* Rolling back the transaction

®* Releasing locks

* Releasing other resources
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PMON Functionality

The background process PMON cleans up after failed processes by:
* Rolling back the user’s current transaction

* Releasing all currently held table or row locks

* Freeing other resources currently reserved by the user
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Archiving

Archiving

e Database archive mode

— NOARCHIVELOG for DBs that do not require
recovery after a disk failure

— ARCHIVELOG mode for production
®* ARCO process
— Automatically archives online redo logs

— Preserves the record of all changes made to
the database
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The Archiver Process

All other background processes are optional, depending on the configuration of the
database; however, one of them, ARCO, is crucial to recovering a database after the
loss of adisk. Asonlineredo log filesfill, the Oracle server begins writing to the next
onlineredo log file. The process of switching from one redo log to another is called a
log switch.

Archiving Redo Log Files

One of the important decisions that a DBA has to make is whether to configure the
database to operate in ARCHIVELOG or in NOARCHIVELOG mode.

NOARCHIVELOG Mode In NOARCHIVELOG mode, the online redo log files
are overwritten each time alog switch occurs. LGWR will not overwrite aredo log
group until the checkpoint for that group iscomplete. This ensures that committed data
can berecovered if thereis an instance crash. During the instance crash, only the SGA
islost. Thereisno loss of disks, only memory. For example, an operating system crash
causes an instance crash.
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Archiving Redo Log Files (continued)

ARCHIVELOG Mode If the database is configured to run in ARCHIVELOG
mode, inactive groups of filled online redo log files must be archived before they can
be used again. Because changes made to the database are recorded in the online redo
log files, the DBA can use the physical backup of the datafiles and the archived online
redo log files to recover the database without losing any committed data because of
any single point of failure, including the loss of a disk. Usually a production database
is configured to runin ARCHIVELOG mode.

ARCO Process

The ARCO process initiates backing up, or archiving, of the filled log group at every
log switch. It automatically archives the online redo log before the log can be reused,
so that al of the changes made to the database are preserved. This enablesthe DBA to
recover the database to the point of failure, even if adisk driveis damaged.
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Summary

Summary

Summary

In this lesson, you should have learned how to:

* Explain database files: data files, control files,
online redo logs

* Explain SGA memory structures: DB buffer cache,
shared SQL pool, and redo log buffer

* Explain primary background processes:
DBWO, LGWR, CKPT, PMON, SMON, and ARCO

* Explain SQL processing steps: parse, execute,
fetch
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Oracle Files
The Oracle database includes these files:

» Control files: Contain information required to verify the integrity of the database,
including the names of the other files in the database (The control files are usually
mirrored.)

» Data files: Contain the data in the database, including tables, indexes, rollback
segments, and temporary segments

* Online redo logs: Contain the changes made to the data files (Online redo logs are
used for recovery and are usually mirrored.)

Other files commonly used with the database include:

» Parameter file: Defines the characteristics of an Oracle instance
» Password file: Authenticates privileged database users

* Archived redo logs: Are backups of the online redo logs
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SGA Memory Structures
The System Globa Area (SGA) has three primary structures:

Shared pool: Stores the most recently executed SQL statements and the most
recently used data from the data dictionary

Database buffer cache: Stores the most recently used data
Redo log buffer: Records changes made to the database using the instance

Background Processes
A production Oracle instance includes these processes:

Database Writer (DBWO): Writes changed data to the data files
Log Writer (LGWR): Records changes to the data files in the online redo log files

System Monitor (SMON): Checks for consistency and initiates recovery of the
database when the database is opened

Process Monitor (PMON): Cleans up the resources if one of the processes fails

Checkpoint Process (CKPT): Updates the database status information after a
checkpoint

Archiver (ARCO): Backs up the online redo log to ensure recovery after a media
failure (This process is optional, but is usually included in a production instance.)

Depending on its configuration, the instance may also include other processes.

SQL Statement Processing Steps
The steps used to process a SQL statement include:

Parse: Compiles the SQL statement
Execute: Identifies selected rows or applies DML changes to the data
Fetch: Returns the rows queried by a SELECT statement

1-34 Enterprise DBA Part 1A: Architecture and Administration



Getting Started
with the Oracle Server



Lesson 2: Getting Started with the Oracle Server

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* |dentify the features of the Universal Installer

®* Set up operating system and password file
authentication

® List the main components of Oracle Enterprise
Manager and their uses
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Overview

Overview
Database Administration
Tools: Examples
Tool Description
SQL*Plus Line Mode A utility used for administrative

tasks such as starting up,
shutting down, or recovering a
database

Oracle Enterprise Manager | Graphical user interface to
administer, monitor, and tune one
or more databases

SQL*Loader Utility for loading data from
external files into Oracle tables

Export or Import utility ggg%%@ﬁ eofr(girr:ga(t)r importing

Password File utility Utility for creating database
password file
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Examples of Common Database Administration Tools

The table lists examples of the common database administration tools, and tasks that a
database administrator (DBA) can perform using the tools.

These tools will be covered in this course, but they are only a subset of the utilities
supplied by Oracle. The commands for starting up the different tools depend on the
platform.

This lesson introduces the use of the following tools that assist a DBA in performing
administrative tasks:

* Universal Installer
» Oracle Enterprise Manager
» Oracle Configuration Assistant

Note: In addition to these tools, utilities such as the Database Configuration Assistant
for creation of an Oracle database will be covered in the lessons “Managing an Oracle
Instance” and “Creating a Database.”

Enterprise DBA Part 1A: Architecture and Administration 2-3



Lesson 2: Getting Started with the Oracle Server

Oracle Universal Installer

Oracle Universal Installer: Features

®* Based on aJavaengine

* Automatic dependency resolution and complex
logic handling

* Installation from the Web

* Component and suite installations
* Implicit deinstallation

® Support for multiple Oracle homes
®* NLS/globalization support
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Features of the Oracle Universal Installer

The Java-based Oracle Universal Installer offers an installation solution for all Java-
enabled platforms, allowing for a common installation flow and user experience
independent of the platform.

The new installation engine automatically detects dependencies among components
and performs an installation accordingly, depending on the products and the type of
selected installation. Bundle and suite installations, a predefined set of products and
their order, are easily identified with a minimum number of user dialogs and no
duplicate information requested.

The Universal Installer can be used to point to aURL where arelease or staging area
was defined and install software remotely over HTTP.

The deinstallation products installed using the Universal Installer are built into the
engine itself. The deinstallation actions are the “undo” of installation actions.

The Universal Installer maintains an inventory of all the Oracle homes on a target
machine, their names, products, and version of products installed on them.

The Universal Installer detects the language of the operating system and runs the
installation session in that language.
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Silent Installation Using Response Files

* To start Universal Installer on Windows NT:

setup. exe -responsefile filenane [-silent]
[ - nowel cone]

* To start Universal Installer on Solaris:

runlnstaller -responsefile filenane
[-silent] [-nowel cone]
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Silent Installation Using Response Files

Response files are collections of variable settings that provide values that would have
been asked of the user otherwise. For a particular component installation, the
Universal Installer can read these values from a predefined response file. With thisfile
as an additional argument, the Universal Installer can create a smaller number of
dialog installation sessions or a complete noninteractive installation session.

* For Windows NT: The installation program is caltad up. exe and is located in
theProgram Fi |l es\ Oracl e\ oui \i nstal | directory.

* For UNIX: The installation program is calledni nst al | er and is located in the
I NSTALL\i nstal I \' sol ari s directory.

For example, to run the installer for Windows NT from a CD-ROM located on the D
drive:

D:\> setup
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Optimal Flexible Architecture (OFA)

® Organizes software and data on disk
* Facilitates routine administrative tasks

* Alleviates switching among multiple Oracle
databases

* Adequately manages and administers database
growth

* Minimizes resource contention
* |s similar on NT and UNIX
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Optimal Flexible Architecture (OFA)

Installation and configuration on all supported platforms now complies with Optimal
Flexible Architecture (OFA). OFA organizes database files by type and usage. Binary
files containing Oracle base code are installed in one directory; control files, log files,
and administrative files are installed in a separate directory; and database files are
installed in a separate directory.

OFA provides:

* A structured method for installing Oracle databases and applications

» Ease of administration, such as for backup and recovery, through a better file
layout structure

» Better performance by decreasing disk contention for data files, binary files, and
administrative files, which can now reside on separate directories or disks

» Easier administration of multiple Oracle homes on the same machine by separating
files on different disk devices and directories
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How to Launch the Universal Installer

Try It 2-1 Launch the Universal Installer and list your installed products.

1 Launch the Universal Installer:
Start—>Programs—>Oracle Installation Products—>Universal Installer

2 Click Installed Products in the Welcome window to list your installed products.

3 Expand an Oracle Home and check the installed products and version. When you
have finished, click Close.

4 Click Exit to exit the Universal Installer. Click Yes in the dialog box.

Try It 2-2 Launch the Universal Installer, but skip the welcome page.

1 Launch the Universal Installer with theowel conme option:
Start—>Run.

2 Enter “C:\Program Files\Oracle\ouilinstall\setup.exe”
-nowelcome, and click OK.

Run |

Type the name of a program, folder, or document, and
Windows will open it far you,

Open: ||"E:"~F'r|:|gram Filez\Oraclke\ouisinztal\setup exe " 1o j
¥ | Burin Separate Hemon Space

14 Cancel | Browse. . |

3 Click Exit to exit the Universal Installer. Click Yesin the dialog box.
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Validating Privileged Users

Database Administrator Users

The two default database administrator users SYS
and SYSTEMare:

* Created automatically
* Granted the DBA role
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The Database Administrator Users

Extra privileges are necessary to execute administrative duties on the Oracle server,
such as creating users. These operations must be performed by database
administrators.

Two database user accounts, SYS and SYSTEM, are created automatically with the
database and granted the DBA role—that is, a predefined role that is created
automatically with every database. The DBA role has al database system privileges.

Note: This subject is covered in more detail in the lesson “Managing Privileges.”
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Validating Privileged Users

Users SYS and SYSTEM

SYS SYSTEM
* Password: * Password:
change_on_i nst al | manager
* Owner of the database * Owner of additional
data dictionary internal tables and views

used by Oracle tools
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SYS

When adatabase is created, the user Sys, identified initially by the password
change_on_i nst al |, is created automatically and granted the DBA role.

All of the base tables and views for the data dictionary are stored in the schema SY S.

SYSTEM

When adatabase is created, the user SYSTEM, identified initially by the password
manager , IS also created automatically and granted the DBA role privileges for the
database.

Additional tables and views owned by the user SYSTEMare created. They contain
administrative information used by Oracle tools.

Both sys and sysTEMare regular users, which are stored in the data dictionary; they
can only log on when the database is open.

Note: You will probably want to create at least one additional administrator username
to use when performing daily administrative tasks.

Enterprise DBA Part 1A: Architecture and Administration 2-9



Lesson 2: Getting Started with the Oracle Server

Authentication Methods

Remote database Local database
administration administration

Yes

Do you want
to use OS
authentication?

Do you
have a secure
connection?

Use OS
authentication

Use a
password file
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Connecting with Administrator Privileges

In some cases, the database administrator needs a specia authentication method
because the database may not be open, especially for operations such as shutdown and
startup.

Depending on whether you want to administer your database locally on the same
machine on which the database resides or to administer many different database
servers from a single remote client, you can choose either operating system
authentication or password files to authenticate database administrators.
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Operating System Authentication

®* Setup the user to be authenticated by the
operating system.

¢ Set REMOTE_LOGIN_PASSWORDFILE to NONE.

®* Use the following commands to connect to a
database:

CONNECT / AS SYSDBA
CONNECT / AS SYSCPER
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How to Use Operating System Authentication

Setting up the user to be authenticated by the UNIX operating system is different from
setting up a user for authentication on a Windows NT system.

UNIX

1 The user must be amember of the UNIX group, usually called dba, that is created
before the Oracle server isinstaled. The installer assigns Oracle database
administrator and operator privileges to this UNIX group.

2 View the/ et c/ group and/ et c/ passwd files to determine the members of the
UNIX group.

The following lines are an excerpt from the / et ¢/ passwd file:
user 15: x: 1064: 100: : / hone/ di sk3/ user 15: / bi n/ ksh
oracl e: x: 920: 100: : / export/ hone/ oracl e: / bi n/ ksh

vvi j ayan: x: 1032: 100: : /user s/ vvi jayan: / bi n/ ksh

The following line belongsto the/ et ¢/ gr oup file:

dba: : 100: root, or acl e, estrodac, ti gger, j diianni

3 Make sure that the value of the REMOTE_LOGIN_PASSWORDFILE parameter
iISNONE. The default value for this parameter is EXCLUSIVE with version 8.1.x
or later. In earlier versions of Oracle, the default value was NONE.
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UNIX (continued)

4

Connect to the database with the privilege SY SDBA or SY SOPER. These are
special database administrator privileges. The dash implies connecting in the
schema owned by SYS:

CONNECT / AS { SYSDBA | SYSOPER}

Note: Using the privileges SY SDBA and SY SOPER is covered in the lesson
“Managing Privileges.”

Windows NT

1

Create a new local Windows NT users’ group called ORA_<SID>_DBA and
ORA_<SID>_OPER that is specific to an instance, or ORA_DBA and
ORA_OPER that is not specific to an instance.

Add a Windows NT operating system user to that group. Once you access this
domain, you are automatically validated as an authorized DBA.

Ensure that you have the following line in yaudr net . or a file:
SQLNET.AUTHENTICATION_SERVICES = (NTS)

Set the REMOTE_LOGIN_PASSWORDFILE parameter to NONE.
Connect to the database with the privilege SYSRBAYSOPER:
CONNECT / AS { SYSDBA| SYSOPER }

Note

To connect to a Windows NT server from a local, remote Windows NT or
Windows 95 client, Net8 should be installed on both the client and the server, but a
JDBC connection can also be used.

The CONNECT INTERNAL command, used with earlier versions of Oracle, has
been replaced by the syntax:
CONNECT | NTERNAL/ pw AS SYSDBA

CONNECT INTERNAL continues to be supported for backward compatibility
only.
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Using Password File Authentication

® Create the password file using the password
utility:

$or apwd fil e=$ORACLE_HOVE/ dbs/ or apwS! D
passwor d=adm n entries=10

¢ Set REMOTE_LOGIN_PASSWORDFILE to
EXCLUSIVE or SHARED.

®* Use the following command to connect to a
database:

CONNECT | NTERNAL/ ORACLE
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How to Use Password File Authentication

Oracle provides a password utility that allows connection to the Oracle server using a
standard username and password, but the utility connects the user to the SY S schema
rather than to the username provided. Accessto the database using the password fileis
provided by special GRANT commands issued by privileged users (see the lesson
“Managing Privileges”).

Using a Password Fileon a UNIX and aWindows NT Server

1 Create the password file using the password utility ORAPWD.
orapwd fil e=fnane password=password entries=entries
where:

fname Is the name of the password file
password is the password for SYS and INTERNAL
entries is the maximum number of distinct

database administrators

The following command creates a password file with the passwiaeta for the user
SySandi NTERNAL and accepts up to five users with different passwords:

On UNIX: $orapwd fil e=$ORACLE_HOVE/ dbs/ or apwU15 passwor d=adni n
entries=10
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How to Use Password File Authentication (continued)

Using a Password Fileon a UNIX and a Windows NT Server (continued)
On Windows NT: C:\ >orapwd fil e=%0RACLE_HOVE% dat abase/ pwdSI D
passwor d=adni n entri es=10

2 Setthe REMOTE_LOGIN_PASSWORDFILE parameter to EXCLUSIVE or
SHARED.
where:

EXCLUSIVE indicatesthat only oneinstance can usethe
password file and that the password file
contains names other than SY S and
INTERNAL

SHARED indicates that more than one instance can
use the password file (The only users
recognized by the password file are SYS
and INTERNAL.)

3 Connect to the database asfollows:
SQL> CONNECT i nternal /oracle
Note
¢ On UNIX

The password files are usually located ingbrACLE_HOVE/ dbs directory on
UNIX.
*  On Windows NT

— The password file is usually located in thERACLE_HOVE% DATABASE
directory. You can specify a nondefault location of the password file in the NT
registry with the keyoRA_S/ D PWFI LE.

— The password for INTERNAL ier acl e, if Oracle is installed through the
Oracle8 Enterprise Edition option. You can set the password during
installation by using the Custom installation option.

Maintaining the Password File

On UNIX and Windows NT, delete the existing password file and create a new
password file by using the ORAPWD uitility.
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Oracle Enterprise Manager

What Is Oracle Enterprise Manager?

®* The Oracle unified system management enterprise
framework

* Central view of complete managed system
* Set of underlying services
* Free-of-charge DBA Management Pack

* Performance, tuning, diagnostics, and change
management packs

* Application Management Pack
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What Is Oracle Enterprise Manager?

The Oracle Enterprise Manager is a unified management enterprise framework for the
Oracle environment.

The Oracle Enterprise Manager console provides a global view of the system. It
includes both hierarchical tree and graphical representations of the objects and their
relationships in the system.

Intelligent Agent processes residing on managed nodes facilitate remote management
of jobs, events, and status. These agents make autonomous “lights out” management
possible.

The common services (job, events, discovery, and security services) complete the
Oracle Enterprise Manager framework, providing the base functionality behind all
Oracle Enterprise Manager applications.

Oracle Enterprise Manager also includes sets of specialized management applications.
» DBA Management Pack: Comes with the database for free

» Advanced Management Packs: Tuning Pack, Diagnostics Pack, and Change
Management Pack

* Application Management Pack: Support for Oracle Applications Concurrent
Manager, WebForm Servers, and Workflow subsystems
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What Is Oracle Enterprise Manager? (continued)

The framework is extensible, providing arich set of APIsthat allow for integration of
any management application, including management for the complete set of Oracle
products or any partner or customer products.

Technical Note

The Application Management Pack was not released with Oracle Enterprise Manager
2.0.4. 1t will be released | ater.
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Java-Based Console and Applications
Console
- _ ~g—p|Oracle Managerr:r?g'HVEAgeﬁ{“ Oraclew
AU =  Server < server
- : {Oracle
\g ) e erposnorw serverw
—- —
Oracle Management Oracle
\9 : < > . Server serverw
\( <
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Oracle Enterprise Manager Architecture

Version 2 of Oracle Enterprise Manager extends the client-server architecture
introduced with version 1 to a highly scalable three-tier model.

Thefirst tier consists of a Java-based console and integrated applications that can be
installed or run from a Web browser.

Oracle Management Server

The second-tier component of Oracle Enterprise Manager version 2 isthe Oracle
Management Server (OMS). The main function of the OM S isto provide centralized
intelligence and distributed control between clients and managed nodes, processing
and administering al system tasks. As the number of managed systems increases, the
architecture scal es through the addition of OMSs. Failover and load balancing is also
automated within the OMS, providing much greater reliability in notification
processing.

Oracle Enterprise Manager Repository

The OMS uses the Oracle Enterprise Manager repository as its persistent back-end
store. This repository maintains system data, application data, and the state of
managed entities distributed throughout the environment. Version 2 allows multiple
users to access and share repository datafor systems where responsibilities are shared.
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Oracle Enterprise Manager Repository (continued)

The third tier is composed of targets, such as databases, nodes, or other managed
services. The Intelligent Agent functions as the executor of jobs and events sent by the
OMS.

Client-server connections to the database by way of the Oracle Enterprise Manager
console are still supported.
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- 'zeposnorﬂ
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Common Services

Oracle Enterprise Manager is made up of services that help you manage nodes
throughout your network.

Discovery Service Oracle Enterprise Manager automatically discovers (locates) all
the databases and other services running on the managed nodes, once the nodes are
identified. These services includes Web servers, listeners, machines, paralel servers,
video servers, and other services, in addition to databases.

Job Scheduling System  The job scheduling system provides job storing and
forwarding capability that enables the automation of standard and repetitive tasks. You
can create and manage jobs, schedule their execution, and view and share information
about defined jobs with other administrators. The system can a so notify you and other
administrators through electronic mail or paging upon job completion or failure.
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Common Services (continued)

Event Management System  You can use the event management system to monitor
your network environment for operational occurrences such as loss of service,
borderline conditions such as shortage of storage, and capacity problems such as high
CPU usage.

When an event is detected, you or a specified administrator can be notified, or a
“fix-it” job can run in response to an event.

Security Security parameters are defined for services, objects, and administrators.
For example, a super administrator can create new administrators and define the
administrator privileges.
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Shared Repository

®* Multiple administrators share information in one
central repository

* Administrator access controls:
— Superusers
— Regular users
* One default superuser: sysman/ oem t enp
* Administrators are maintained from the console
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Multiuser System

Oracle Enterprise Manager version 2 introduces a multiuser system. Each
administrator has a separate account with which to log in to the console. Depending on
the permission settings, the administrator has access to the data stored in the central
repository, arepository shared by all the Oracle Enterprise Manager administrators for
the managed environment.

Superusers have advanced permissions and define permission settings for other
administrators.

Note: When Oracle Enterprise Manager is installed, the default superuser sysman/
oem t enp iscreated. A superuser has full privileges and can be used to create new
superusers or regular users.
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& Configuration Assistant, step 1 of 6: Configuration Operation [_ O]
Configuration Operation
The Enterprise Manager Configuration Assistant configures the Management
Server for this node.
Wwhat operation would you like to perform?
- Cre for.
The management server on this node will be configured to use this
repositary, by default.

" Edit Configuration Parameters

Changes the repositary connnection infarmation for this
management server. Use this operation when adding a
management server to an existing repositary.

* Drop an existing repositary.

Cancel Help Bzck:
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Starting the Enterprise Manager Configuration Assistant

The Configuration Assistant tool creates shared repositories, configuresthe OMS, and

sets up the local console. It is started automatically from the Universal Installer after

the installation has finished, and it can also be started manually from:

* The operating system prompt at any stage by running:
%enr epngr

* The Windows NT Start menu by using Start—>Programs—>Ordgil¢ Home
—> Oracle Enterprise Management—>Enterprise Manager Configuration
Assistant.

Technical Note

Make sure that all databases that will contain a shared repository have the necessary
tablespaces created before using the Configuration Assistant. It is recommended that
each repository should be in a separate tablespace for ease of management.
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How to Create a New Repository

Try It 2-3 The Configuration Assistant is the tool used to create or drop an Oracle
Enterprise Manager repository. It can also be used to modify the repository connection
for an Oracle Management Server (OMYS).

Create arepository using the Configuration Assistant.

1

Launch the Configuration Assistant:

Start—>Programs—>OracleeEMV2 Home—>Oracle Enterprise Management
—>Enterprise Manager Configuration Assistant

Ensure that the “Create a new repository” option button is selected, and click the
Next button.

Enter the usernamg st em the passwordaenager, and the service

host: port: sid (JDBC), and click Next.

If you get a warning that your processes should be 200, click Yes to continue.

Enter the usernameep_uUser nunber and the passworehnager, confirm the
passwordranager, and click Next.

Specify the default tablespacem and the temporary tablespa@avp, and click
Next.

Click Finish and wait for the repository to be built. Click Close to exit the
Configuration Assistant.

Try It 2-4 The Oracle Management Server (OMS) must be started after creating the
repository. It should start automatically on Windows NT when you start up the PC.

Start the OMS.

1

2

Start the OMS service:
Start—>Settings—>Control Panel

Double-click Services and select the Or&d/2 HomeManagement Server
service. If it is not started, click Start to start it.
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ORACLE
EnterprissManager

s

] Destination Type Status
Weekly_Backup |v815 Database Archive_Hung Datahase Registered
Caily_Report vB15 Database OB_UpDown  |vB15 Database Registered

ol B EE S
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The Enterprise Manager Console

The Console provides a global view of the system. It includes both a hierarchical tree
and a graphical representation of the objects in the system. It has the following
features:

1 A set of drawersinvokes other applications to perform administrative tasks. It
provides an alternative to using the menu.

2 A navigator or object explorer view provides a hierarchical view of Oracle
services on the network. The navigator permits administrators to browse the
different Oracle services, such as databases, listeners, nodes, and name servers,
and to modify the characteristics of objects; for example, users and the tables that
they contain.

3 A job system permits remote execution of tasks related to listeners, databases, or
the host itself. The job system is based on the procedural Tool Control Language
(TCL) engine.

4 A menu can be used to initiate other administrative applications and perform
various tasks.

5 A map or topographical view permits Oracle services to be grouped based on
gpatial relationships, function, or both. The map view enables users to focus on
managed objects directly within their purview or interest.

6 An event system monitors and reports on system status. The event system in
conjunction with the job system will take corrective action based on predefined
criteria and can advise the administrator by pager or electronic mail that a
particular event has occurred.
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How to Launch the Oracle Enterprise Manager Console

Try It 2-5 Launch the console to get a global view of the system belonging to the
connected repository.

1 Launch the console:
Start—>Programs—>OracleeMV2 Home—>Oracle Enterprise Management
—>Enterprise Manager Console

2 Enter the administratalysman, the passwordem t enp, and the management
serveryour PC host name, and click OK.

3 When asked to change the password, emieiger as your new password.

Try It 2-6 To view a service in the navigator tree, it must be discovered by the agent
on the node where the service resides.

1 Select Navigator—>Discover Nodes... from the Console menu.

2 Enteryour Server hostnane, and click OK. Click Close when discovered. Your
database should now be in your navigator tree.

3 Expand the Database folder to see if your database has been discovered in the
navigator tree.
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DBA Management Pack

* |Instance Manager
® Security Manager
* Storage Manager
®* Schema Manager
* SQL*Plus Worksheet

®* Tools and wizards for data management and
backup
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The DBA Management Pack

The standard applications that are supplied with Oracle Enterprise Manager include
the following:

Instance Manager: Used to control database availability and define initialization
parameters to specify the characteristics of the instance

Security Manager: Used to manage users and privileges

Storage Manager: Used to organize the database files and manage rollback
segments

Schema Manager: Used to create and maintain objects such as tables, indexes, and
views

SQL*Plus Worksheet: A command line interface that can be used to run SQL
commands, PL/SQL code, SQL*Plus commands, and special DBA commands,
such ast art up andshut down

Tools and wizards for data management: Used to load and reorganize data in
databases

Tools and wizards for backup management: Used to back up, restore, and recover
databases, and to manage redo log files
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The DBA Management Pack (continued)
Note

» All applications can be invoked either from the console or directly from the
operating system.

* The use of these applications to perform specific tasks is covered in the other
lessons throughout the course.

» The use of backup management tools and wizards to back up, restore, and recover
databases is discussed in the cotrgerprise DBA Part 1B: Backup and
Recovery.

How to Invoke the SQL*Plus Worksheet

1 Launch the SQL*Plus Worksheet:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>SQL Plus Worksheet

Oracle Enterprize Manager Login |

" Login to the Oracle Management Serer

® Connect directly to 3 database

Usernarme: |syster|

Password: [

Service: dh01

Connect as: |Nurmal v

2k | Cancel Cdick Tour Help

Copyright Qracle Corpaoration 1999, All rights resened.

2 Make sure you connect directly to a database. Enter the usespanee the
passwordranager, and the service name for your working database, and click OK.

3 Select File—>EXxit to close the worksheet.
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Diagnostic, Tuning, and Change
Management Packs

_ Capacity Planner DB Alter

Performance

opSessios

ce Data Viewer

Trace Mg.

DB Search

Plan Manag
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Management Packs

There are three management packs, which contain toolsto assist in diagnosing, tuning,
and managing change in an Oracle database environment.

» The Diagnostics Pack contains the following tools:

Oracle Trace and Data Viewer: Used to create, schedule, administer, and view
trace information collected from the database, Net8, and other applications

Performance Manager: Used to create, view, and edit graphical charts to
monitor and display database information

Capacity Planner: Collects database and operating system performance
statistics, stores historical database information, and analyzes data to plan
future capacity requirements

TopSessions: Views details about sessions currently connected to a database

Advanced Events: Additional Oracle Enterprise Manager events to assist with
proactive database administration
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Management Packs (continued)
* The Tuning Pack contains the following tools:

— Oracle Expert: Optimizes Oracle database performance by collecting
parameter, environment, application, and database structure information (The
collected data is analyzed and tuning recommendations are made.)

— Tablespace Manager: Detects and fixes space management problems, and
reorganizes database objects

— SQL Analyze: Assists in locating, analyzing, and editing SQL statements to
improve application performance

* The Change Management Pack contains the following tools:
— Database Capture: Captures sets of database object definitions (baselines)
— Database Diff: Compares differences in object definitions between two
databases (or baselines)
— Database Quick Change: Used to make changes to one object definition in one
database
— Database Alter: Used to make changes to one or more object definitions in one
or more databases
— Database Propagate: Used to select one or more object definitions in a database
and then propagate those definitions in another schema or database
— Plan Manager: Used to centralize all the change management applications
Note: The termdablespace, segment, extent, andfree space will be discussed in
subsequent lessons.
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Summary

Summary

In this lesson, you should have learned how to:
* Describe features of the Universal Installer
— Based on a Java engine
— Supports multiple Oracle homes
— Runs in silent mode

* Explain setup of operating system and password
file authentication

®* Describe main components of Oracle Enterprise
Manager

— Three-tier architecure
— Java-based console and applications
— Multiuser system with shared repositories

— Single point of control
Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG
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Lesson 3: Managing an Oracle Instance

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Create the parameter file

® Start up an instance and open the database

* Close a database and shut down the instance
®* Get and set parameter values

®* Manage sessions

®* Monitor the ALERT file and the trace files

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG
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Overview

Overview
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Shared pool

(OO
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files log
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Y
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files
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|
fgd L
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Database

Overview of Starting Up and Shutting Down an Oracle Server

An Oracle database is not available to users until the database administrator has started
the instance and opened the database.

During a database startup, the following events occur. Each event takes the Oracle
database through various stages:

1 Start aninstance.
2 Mount the database.
3 Open the database.

Every time an instance is started, Oracle uses a parameter file, which contains
initialization parameters, to allocate the System Global Area (SGA) and to start the
background processes.

If an instance is started or a database is open, you can follow these steps to shut down
the database:

1 Closethe database.
2 Dismount the database.
3 Shut down the instance.
When adatabase is closed, users cannot accessit.
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The Initialization Parameter File

Instance
SGA | shared pool
> Library
Data buffer || Redo log cache
cache buffer Data dict.
cache

SHR) G EMON CKPD (oW EReH

initUls.ora

SQL> CONNECT / AS SYSDBA
SQL> STARTUP PFI LE=/ Dl SK1/i nit U15. ora
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Creating and Using the Parameter File

The parameter file, commonly referred to asthei ni t si d. or a file, isatext file that
can be maintained using a standard operating system editor.

By default, it islocated in the $ORACLE_HOVE/ dbs directory on a UNIX machine and
in the “ORACLE_HOVE% dat abase directory on Windows NT. With Oracle8i on
Windows NT, the parameter file points to the %ORACLE_HOVE% admi n\ si d\ pfile
directory where the actual parameter fileis stored. Thisis done by using the IFILE
parameter.

The parameter fileisread only during instance startup. If the file is modified, shut
down and restart the instance to make the new parameter values effective. Some
parameters are dynamic, which means that they can be modified while the instance is
running. Dynamic parameters are covered later in this lesson.

The Oracle Enterprise Manager Console or Instance Manager alows the DBA to
change and view the initialization parameters. They can be stored either in alocal
parameter file or in the Oracle Enterprise Manager repository by using stored
configurations. If using stored configurations, the DBA must be connected by the way
of an Oracle Management Server (OMS) to get access to arepository. In earlier
versions of Oracle Enterprise Manager (1.x) theinitialization parameters were stored
locally in the Windows NT registry.
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How to Create a Stored Configuration

Try It 3-1 Launch Instance Manager and save a stored configuration.

1 Launch the Oracle Enterprise Manager Console:
Start—>Programs—>OracleEMV2 Home—>Oracle Enterprise Management
—>Enterprise Manager Console

2 Enter the administratalysman, the passwordanager, and the management
serveryour PC host name, and click OK.

3 Click the second drawer on the left side of the console and select Instance
Manager.

acle Enterprise Manager Console 5YSMAN@DHCP-SHORE-BREEZE-EAST-194-__ [Hi[=] B3

ator Group Job Even n Toals Help Et?a'Rprfseﬂ\\nCLE

e—)-CIDatabases

&t
=
w315

Datafiles
v Initialization Parameters
Profiles

Fedo Loog Groups
Oracle Security Manager
Oracle Storage Manasger

COracle SAL*Pluz Waorksheet
ects

gments

Oracle Instance Manager

Oracle Schems Manager gurations
Tablespaces
[ J}D i;USers
Groups

4 Expand your working database and select the initialization parameters in the
navigator tree.

5 Your initialization parameters should now be displayed in the right pane of the
window. Click Save and name your configuration before clicking OK to save a
stored configuration.

6 Expand the stored configuration folder to verify that your parameters were saved.
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Uses of Parameters

® Size the System Global Area (SGA).
® Set database and instance defaults.
® Set user or process limits.

® Setlimits on database resources.

* Define various physical attributes of the database,
such as the database block size.

* Specify control files, archived log files, the ALERT
file, and trace file locations.

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Uses of Parameters

The parametersin thei ni t si d. or a file can have a significant effect on database
performance, and some need to be modified in the following ways for production
systems:

» Size the System Global Area (SGA) components to optimize performance.
» Set database and instance defaults.

» Set user or process limits.

» Set limits on database resources.

» Define (on database creation only) various physical attributes of the database, such
as the database block size.

» Specify control files, archived log files, ALERT file, and trace file locations.
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Parameter File Example

# Initialization Paraneter File: initUl5.ora

db_name uLs

control _files (/ DI SK1/ cont r ol 01. con
/ DI SK2/ cont r ol 02. con)

db_bl ock_si ze = 8192
db_bl ock_buffers = 2048
shar ed_pool _si ze = 52428800
| og_buffer 64K
processes 50
db_files 1024
log_files 10
max_dunp_fil e_size 10240

backgr ound_dunp_dest
user _dunp_dest

cor e_dunp_dest

rol | back_segnents

(/ honme/ di sk3/ user 15/ BDUVP)
(/ honme/ di sk3/ user 15/ UDUVP)
(/ honme/ di sk3/ user 15/ CDUVP)
(r01,r02,r03,r04,r05,r06,r07,r08)
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Rules for Specifying Parameters

Specify the values in the following format: keyword=value.
All parameters are optional.

The server has a default value for each parameter. This value may be operating
system dependent, depending on the parameter.

Parameters can be specified in any order.

Comment lines begin with the # symbol.

Enclose parameters in double quotation marks to include character literals.
Additional files can be included with the keyword IFILE.

If case is significant for the operating system, then it is also significant in
filenames.

Multiple values are enclosed in parentheses and separated by commas.

Note: Develop a standard for listing parameters; either list them alphabetically or
group them by functionality.
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Parameters That Should Be Specified

Par ameter

Description

BACKGROUND_DUMP_DEST

L ocation where background process trace files are
written (LGWR, DBWn, and so on). Thisis also the
location for the dert log.

COMPATIBLE

Version of the server with which this instance should
be compatible. The default is 8.1.0.

CONTROL_FILES

Names of the control files.

DB_BLOCK_BUFFERS

Number of blocks cached in the SGA.

DB_NAME

Database identifier of eight characters or fewer. This
isthe only parameter that is required when creating a
new database.

SHARED_POOL_SIZE

Size in bytes of the shared pool.

USER_DUMP_DEST

L ocation where user debugging trace files are created
on behalf of a user process.

Technical Note

The default values depend on the version of the Oracle server.
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Commonly Modified Parameters

Par ameter Description

IFILE Name of another parameter file to be embedded within
the current parameter file. Up to three levels of nesting
ispossible.

LOG_BUFFER Number of bytes allocated to the redo log buffer in the
SGA.

MAX_DUMP_FILE_SIZE Maximum size of the trace files, specified as number of
operating system blocks.

PROCESSES Maximum number of operating system processes that
can connect simultaneously to this instance.

SQL_TRACE Enables or disablesthe SQL trace facility for every user
session.

TIMED_STATISTICS Enables or disables timing in trace files and in monitor
screens.
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Stages in Startup and Shutdown

Startup and Shutdown in Stages

STARTUP OPEN

All files opened as
described by the control
MouNT | file for this instance.

Control file
opened for this

NOMOUNT | instance.

Instance
started.
SHUTDOWN SHUTDOWN
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Starting Up in Stages
When starting the database, you choose the state in which it starts.
The following scenarios describe different stages of starting up an instance.

Sarting the Instance Usually you would start an instance without mounting a
database only during database creation or the re-creation of control files.

Starting an instance includes the following tasks:

» Reading the parameter fil@i t si d. ora

* Allocating the SGA

» Starting the background processes

* Opening the ALERT file and the trace files

The database must be named with the DB_NAME parameter either in the
i nit SID ora file orin the STARTUP command.
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Starting Up in Stages (continued)

Mounting the Database To perform specific maintenance operations, you start an
instance and mount a database but do not open the database.

For example, the database must be mounted but not open during the following tasks:
* Renaming data files

» Enabling and disabling redo log archiving options

» Performing full database recovery

Mounting a database includes the following tasks:

» Associating a database with a previously started instance

» Locating and opening the control files specified in the parameter file

* Reading the control files to obtain the names and status of the data files and redo
log files (However, no checks are performed to verify the existence of the data files
and online redo log files at this time.)

Opening the Database Normal database operation means that an instance is started
and the database is mounted and open; this allows any valid user to connect to the
database and perform typical data access operations.

Opening the database includes the following tasks:
* Opening the online data files
* Opening the online redo log files

If any of the data files or online redo log files are not present when you attempt to open
the database, the Oracle server returns an error.

During this final stage, the Oracle server verifies that all the data files and online redo
log files can be opened and checks the consistency of the database. If necessary, the
System Monitor background process (SMON) initiates instance recovery.

Instance Recovery
An instance failure occurs when the instance cannot continue to work.

For example, if there is an operating system crash, the SMON background process
automatically performs instance recovery when the database is reopened. That is, the
online redo log file is used to recover the committed data in the database buffer cache
that was lost because of the instance failure.

Instance recovery consists of the following steps:

1 Rolling forward to recover data that has not been recorded in the data files but that
has been recorded in the online redo log
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Instance Recovery (continued)

2 Opening the database instead of waiting for al transactions to be rolled back
before making the database available (Any datathat is not locked by unrecovered
transactions isimmediately available.)

3 Rolling back uncommitted transactions by SMON and by the individual server
processes as they access locked data

Shutting Down in Stages

There are three steps to shutting down an instance and the database to whichit is
connected.

Closingthe Database Thefirst step in shutting down a database is closing the
database. When the database is closing, the Oracle server writes the buffer cache
changes and redo log buffer cache entries to the data files and online redo log files.
After this operation, the Oracle server closes al online datafiles and online redo log
files. The control files remain open while a database is closed but still mounted.

Dismounting the Database The second step is dismounting the database from an
instance. After you dismount a database, only an instance remains.

When a database is dismounted, the Oracle server closes its control files.

Shutting Down theInstance The final step in database shutdown is shutting down
the instance. When you shut down an instance, the ALERT file and the trace files are
closed, the SGA is deallocated, and the background processes are terminated.
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Starting Up the Instance

STARTUP Command

Start up the instance and open the database:

STARTUP PFI LE=/ DI SK1/i ni t U15. or a
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Starting Up
To start up an instance, use the following command:
STARTUP [ FORCE] [ RESTRI CT] [ PFI LE=fi/ enane]
[ OPEN [ RECOVER] [ dat abase]

| MOUNT
| NOVIOUNT]
Note: Thisisnot the complete syntax.
where:
OPEN enables users to access the database
MOUNT mounts the database for certain DBA
activities but does not allow user accessto
the database
NOMOUNT creates the SGA and starts up the
background processes but does not allow
access to the database
PFILE=parfile allows anondefault parameter file to be

used to configure the instance
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FORCE aborts the running instance before
performing anormal startup

RESTRICT enables only users with RESTRICTED
SESSION privilege to access the database

RECOVER begins mediarecovery when the database
starts

Technical Note

With Oracle8i, all Server Manager commands, such as STARTUP and SHUTDOWN,
have been merged into SQL* Plus. Throughout this course, all the syntax examples
will use SQL*Plus, not Server Manager.

Server Manager is still being shipped with Oracle8i for backward compatibility.
Server Manager line mode can be started using the SYRMGRL executable.

Automating Database Startup

On WindowsNT The Oracle database on Windows NT runs as a service, which
avoids process termination when a user logs out. A service must be registered by the
service subsystem of Windows NT.

To start the Oracle services at the startup time, use the control panel in the Service
dialog box and select Automatic as the startup type.

Before Oracle8i The database can be opened by starting the following two services:
+ OracleServiceSIDIs created for the database instance SID

* OracleStartSIDStarts the database automatically by runningsthesi D. cnd
script
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Automating Database Startup (continued)

With Oracle8i The database can be opened by starting the following service:
O acl eServi ceSI D Iscreated for the database instance SID
To start the database automatically, you will have to make sure that the parameter

ORA_SD_AUTOSTART isset to Truein the registry. (For more information, refer to
the installation guide for your operating system.)

On UNIX On UNIX, automating database startup and shutdown can be controlled
by the entriesin a special operating system file; for example, or at ab inthe/ var/ opt /
or acl e directory. (For more information, refer to the installation guide for your
operating system.)

Troubleshooting
Attempting to start the Oracle Utilities without starting these services results in one of
the following error messages:
ORA- 12547: TNS: | ost contact
or

ORA- 09352: W ndows 32-bit two-task driver unable to spawn new
O acl e task
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Changing Database Availability

ALTER DATABASE Command

®* Change the state of the database from NOMOUNT
to MOUNT:

|ALTER DATABASE dat abase MOUNT;

®* Open the database as a read-only database:

|ALTER DATABASE dat abase OPEN READ ONLY;
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Changing the Status of the Database
To open the database from STARTUP NOMOUNT to aMOUNT stage or from
MOUNT to an OPEN stage, use the ALTER DATABA SE command:

ALTER DATABASE { MOUNT | OPEN }
To prevent data from being modified by user transactions, the database can be opened
in read-only mode.
To start up an instance, use the following command:

ALTER DATABASE OPEN

[ READ VRI TE| READ ONLY]

where:
READ WRITE opens the database in read-write mode,
allowing users to generate redo logs
READ ONLY restricts users to read-only transactions,
preventing them from generating redo log
information
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Opening a Database in Read-Only Mode

Opening a Database in Read-Only Mode

* Any database can be opened as a read-only
database

* Aread-only database can be used to:
— Execute queries

— Execute disk sorts using locally managed
tablespaces

— Take data files offline and online, not
tablespaces

— Perform recovery of offline data files and
tablespaces
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Read-Only Database Features

Any database can be opened as read-only, aslong as it is not already open in READ
WRITE mode. The featureis especially useful for a standby database to offload query
processing from the production database.

If a query needs to use temporary tablespace—for example, to do disk sorts—the
current user must have a locally managed tablespace assigned as the default temporary
tablespace; otherwise, the query will fail. For user SYS, a locally managed tablespace
IS required.

Note: Locally managed tablespaces will be discussed in a later lesson.

Read-only mode does not restrict database recovery or operations that change the
database state without generating redo data. For example, in read-only mode:

» Data files can be taken offline and online
* Recovery of offline data files and tablespaces can be performed

Disk writes to other files, such as control files, operating system audit trails, trace files,
and ALERT files, can continue in read-only mode.
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Shutting Down

Shutdown Options

Shutdown Mode A I T N
Allow new connections X X X X
Wait until current sessions end X X X o]
Wait until current transactions end X X o] o]
Force a checkpoint and close files X o} o} o}

Shutdown mode:

A Abort I Immediate X NO

T Transactional N Normal o | YES
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Shutting Down the Database

Shut down the database to make operating system offline backups of all physical
structures and to modify initialization parameters.

To shut down an instance, use the following command:
SHUTDOAN [ NORMAL | TRANSACTI ONAL | | MVEDI ATE | ABORT ]

Shutdown Normal

Normal is the default shutdown mode. Normal database shutdown proceeds with the
following conditions:

+« No new connections are allowed.

* The Oracle server waits for all users to disconnect before completing the
shutdown.

» Oracle closes and dismounts the database before shutting down the instance.
* The next startup will not require an instance recovery.
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Shutdown Transactional

A transactional shutdown prevents clients from losing work. A transactional database
shutdown proceeds with the following conditions:

* No client can start a new transaction on this particular instance.

* Aclient is disconnected when the client ends the transaction that is in progress.
* When all transactions have finished, a shutdown immediate occurs.

* The next startup will not require an instance recovery.

Shutdown Immediate
Immediate database shutdown proceeds with the following conditions:
» Current SQL statements being processed by Oracle are not completed.

* The Oracle server does not wait for users currently connected to the database to
disconnect.

» Oracle rolls back active transactions and disconnects all connected users.
» Oracle closes and dismounts the database before shutting down the instance.
* The next startup will not require an instance recovery.

Shutdown Abort

If the normal and immediate shutdown options do not work, you can abort the current
database instance. Aborting an instance proceeds with the following conditions:

» Current SQL statements being processed by the Oracle server are immediately
terminated.

» Oracle does not wait for users currently connected to the database to disconnect.
* Uncommitted transactions are not rolled back.

* The instance is terminated without closing the files.

* The next startup will require instance recovery.

Note: On Windows NT before Oracle8ou can close the database by stopping the
following two servicesor acl eSer vi ceSI Dandor acl eSt art S/ D.

By stopping thex acl eSer vi ceSI Dservice, thex acl eStart S/ Dis also terminated
and theor ashut . bat script is executed.

On Windows NT with Oracla8you can close the database by stopping the

O acl eSer vi ceSD service and setting t@®RA_S/ D SHUTDOWN parameter to True in

the registry. (For more information, refer to the installation guide for your operating
system.)
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Different Types of SHUTDOWN
Shutdown | Shutdown | Shutdown
Normal Immediate | Transactional
Check account
1 balances
Insert new Database
funds down
Remove funds
from old account
Commit Database
down
Log out Database
down
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Sequence of Events During Different Types of SHUTDOWN

The slide shows the sequence of events when the different SHUTDOWN commands
are entered after step 1 is executed.

Steps 1 through 5 describe atransfer of funds from one bank account to another.
1 Query the accounts to check the account balances.
2 Execute an | NSERT command to transfer the funds to the new bank account.
3 Execute a DELETE command to remove the funds from the old bank account.
4 Execute a cowM T to finish the transaction successfully.
5 Disconnect from the Oracle server.

With anormal shutdown, the Oracle server waits for all users to disconnect before
completing the shutdown.

When an immediate shutdown occurs, the Oracle server terminates the current SQL
command in step 2 and rolls back the active transaction.

With atransactiona shutdown, the Oracle server waits until step 4 is processed—that
IS, until the transaction is completed—then an immediate shutdown occurs.

When an abort shutdown occurs, the Oracle server terminates the current SQL
command, but the active transaction is not rolled back.
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How to Use Instance Manager to Start Up or Shut Down

Launch Instance Manager to start up or shut down a database.

1 Launch Instance Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Instance Manager

2 Enter the login information, and click OK.

£ : Oracle Instance Manager 5YSTEM@v815.world

ORACLE

General
 Datat

ation Parameters
Sessions " Shutdown
In-Doubt Transactions
C Started

O Mounted

® Open

W — Database Yersion

Wl | Oracle8i Enterprise Edition Release 8.1.5.0.0 - Production
PLISAL Release 8.1.5.0.0 - Production

With the Paritioning, and Ohjects options

Instance last started onf 3-Apr-99 10:32:11 AM

3 Choose the state of your database by selecting a database state option button, and
click Apply.

4 Depending on the selection, you will have to choose the stage before clicking OK
to execute the operation.
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Getting and Setting Parameter Values

Dynamic Performance Views

®* Are maintained by the Oracle server and
continuously updated

® Contain data about disk and memory structures
® Contain data that is useful for performance tuning
* Have public synonyms with the prefix V$
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Dynamic Performance Views

These views are called dynamic performance views because they are continuously
updated while a database is open and in use. Their contents relate primarily to
performance. They provide data about internal disk structures and memory structures
and are accessible to the database administrator.

Dynamic performance views are identified by the prefix V_$, but Oracle provides
public synonyms with the prefix V$.

Once theinstance is started in the NOMOUNT stage, V$ views that can be read from
memory are accessible. Views that read data from the control file require that the
database be mounted.

The V$FIXED_TABLE view displays all dynamic performance views.
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Accessing Dynamic Performance Views

OPEN

Data dictionary
MOUNT

Dynamic performance views

reading data from disk
NOMOUNT

Dynamic performance

views reading from memory
SHUTDOWN
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V$PARAMETER
V$SGA
V$OPTION
V$PROCESS
V$SESSION
V$VERSION
VSINSTANCE

SGA |-

V$THREAD

wOntrol fi%‘ VSCONTROLFILE
VSDATABASE
VSDATAFILE
V$DATAFILE_HEADER
VSLOGFILE
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Example

Dynamic Performance View

(accessible in the NOM OUNT stage) Description

VSPARAMETER Contains information about the initialization
parameters

V$SGA Contains summary information on the SGA

V$OPTION Lists optionsthat are installed with the Oracle
server

V$PROCESS Contains information about the currently
active processes

V$SESSION Lists current session information

V$VERSION Liststhe version number and the components

VSINSTANCE Displays the state of the current instance
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Example (continued)

Dynamic Performance View

(accessiblein the MOUNT stage) Description

V$THREAD Contains thread information; for example,
about the redo log groups

VSCONTROLFILE Lists the names of the control files (Even
though available, this view returnsno rowsin
NOMOUNT state.)

V$DATABASE Contains database information

V$DATAFILE Contains data file information from the
control file

V$DATAFILE_HEADER Displays datafile header information from the
control file

V$LOGFILE Contains information about the online redo
log files
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Displaying Current
Parameter Values

* Usethe command:

SHOW PARAMETER cont r ol

* Query the VSPARAMETER dynamic performance
view:

SELECT name FROM v$parameter
WHERE name LIKE ‘%control%’;
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Displaying Current Parameter Values
To determine the parameter settings for a database that has been started, use the
SHOW PARAMETER command.

This command displays al parametersin an alphabetical order with their current
values.
Enter the following text string to display all parameters having CONTROL in their
name:

SQ_> SHOW PARAMETER cont r ol

NAME TYPE VALUE
control _file_record_keep_time i nt eger 7
control _files string / DI SK1/ cont rol 01. con

You can a'so use the VSPARAMETER dynamic performance view to determine the
current settings of any parameter.
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Dynamic Initialization Parameters

®* Some initialization parameters can be modified
while an instance is running.

|ALTER SESSI ON SET SQL_TRACE=t r ue;

| ALTER SYSTEM SET TI MED_STATI STI CS=t r ue;

| ALTER SYSTEM SET SORT_AREA S| ZE=131072 DEFERRED;
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Change Initialization Parameters Dynamically

Some initiaization parameters are dynamic—that is, they can be modified using the
ALTER SESSION, ALTER SYSTEM, or ALTER SY STEM DEFERRED command
while an instanceis running.
ALTER SESSI ON SET par anet er_nanme = val ue
ALTER SYSTEM SET par anet er_nane = val ue [ DEFERRED]
The ALTER SESSION command modifies the value of the parameter only for the
session that executes the command.
The ALTER SYSTEM command globally changes the value of the parameter. The
new value s effective until shutdown or until it is changed again.
The ALTER SY STEM DEFERRED command modifies the value of the parameter for
future sessions that connect to the database.
Query the VSPARAMETER or V$SY STEM_PARAMETER view to list information
about the modified parameter.
SQ.> SELECT isses_nodifiable,issys_nodifiable,
2 isnodified, name
3 FROM v$syst em par aret er
4 VWHERE isnodified !="FALSE ;

I SSES | SSYS MDD | SMODI FI NAMVE

TRUE | MMEDI ATE MDIFIED timed_statistics
1 row sel ect ed.
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Change Initialization Parameters Dynamically (continued)

The columns display the following information:

* [ISSES_MODIFIABLE: Indicates whether the parameter can be modified by
ALTER SESSION

* ISSYS_MODIFIABLE: Indicates whether the parameter can be modified by
ALTER SYSTEM
* ISMODIFIED: Indicates ALTER SESSION is modified with the value
MODIFIED and ALTER SYSTEM is modified with the SYS_MODIFIED value
V$PARAMETER shows the current session values and V$SYSTEM_PARAMETER
shows the current system values independent of the session. For example, if the
ALTER SYSTEM DEFERRED command is executed, the ISMODIFIED column in
the V$SYSTEM_PARAMETER dynamic performance view contains the value
MODIFIED, but the column in the VSPARAMETER dynamic performance view
displays the value False in the same session.
Note: The ALTER SYSTEM or ALTER SYSTEM DEFERRED command that
modifies a parameter is recorded in the trace file called the ALERT file.
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Managing Sessions

Enable and Disable
Restricted Session

e Usethe STARTUP command to restrict access to a
database:

STARTUP RESTRI CT

®* Usethe ALTER SYSTEM command to place an
instance in restricted mode:

ALTER SYSTEM ENABLE RESTRI CTED SESSI ON,
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Restricted Session

A restricted session isuseful, for example, when you perform structure maintenance or
adatabase export and import. The database can be started in restricted mode so that it
Is available only to users with the RESTRICTED SESSION privilege.

The database can also be put in restricted mode by using the ALTER SYSTEM SQL
command:

ALTER SYSTEM
{ ENABLE| DI SABLE} RESTRI CTED SESSI ON
where:
ENABLE RESTRICTED enables future logins only for users
SESSION who have the RESTRICTED

SESSION privilege
DISABLE RESTRICTED disables RESTRICTED SESSION so that
SESSION users who do not have the privilege can log on
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Restricted Session (continued)

Note: The ALTER SY STEM command does not disconnect current sessions but
allows future connections only to users with the RESTRICTED SESSION privilege.
The V$INSTANCE dynamic performance view contains information about the
restricted mode.

SQ.> SELECT | ogi ns FROM v$i nst ance;

LOGE NS

RESTRI CTED

1 row sel ect ed.
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Terminating Sessions

* |dentify which session to terminate with the
V$SESSION dynamic performance view:

SELECT sid, serial# FROM v$sessi on WHERE
username='SCOTT’;

* Executethe ALTER SYSTEM command:

ALTER SYSTEM KILL SESSION ‘7,15’;
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How to Terminate Sessions
After placing an instance in restricted mode, you may want to kill all current user
sessions before performing administrative tasks.

ALTER SYSTEM KI LL SESSI ON ' i nt eger 1, i nteger?2’

where: KILL SESSION  Identifies the session with both of the
followingvaluesfromtheV$SESSION view:
integerl: value of the SID column
integer2: value of the SERIAL# column

Note: The session ID and serial number are used to uniquely identify a session. This
guarantees that the ALTER SY STEM command is applied to the correct session even
If the user logs off and a new session uses the same session ID.

Effects of Terminating a Session

The ALTER SYSTEM KILL SESSION command causes the background process
PMON to perform the following steps upon execution:

* Roll back the user’s current transaction
* Release all currently held table or row locks
» Free all resources currently reserved by the user
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Effects of Terminating a Session (continued)

You query the V$SESSION view to identify the session ID and serial number of user
Sessions.

Terminating an Active Session  If auser session is making an SQL call to the
Oracle server—that is, the session is ACTIVE—when it is terminated, the transaction
isrolled back and the user immediately receives the following message:

CRA-00028: your session has been killed

If the user session is performing some activity that must be completed and cannot be
interrupted, the Oracle server waits for this activity to finish.

Terminating an I nactive Session  If the sessionisinactivewhen it isterminated, the
ORA-00028 message is not returned immediately, but the STATUS column in the
V$SESSION view is marked killed.

When the user attempts to use the terminated session again, the ORA-00028 message
is returned and the row for the terminated session is removed from V$SESSION.
Note: When asession is terminated, the Oracle server does not kill the operating
system processes.

However, the following command, normally used in a parallel server environment,
disconnects a session when its current transaction is finished and terminates the server
process:

ALTER SYSTEM DI SOCONNECT SESSION 'i ntegerl, integer?2’
PCST _TRANSACTI ON
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The ALERT File and the Trace Files

* Trace files can be written by server and
background processes.

®* The Oracle server dumps information about errors
in trace files.

* The ALERT file consists of a chronological log of
messages and errors.

®* Server process tracing can be enabled or disabled
by:

— An ALTER SESSION command
— The parameter SQL_TRACE
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The ALERT File and the Trace Files

If an error occurs while your Oracle instance is running, the messages are written to
the ALERT file. During startup of the database, if the ALERT file does not exist,
Oracle creates one.

The ALERT file of adatabase is a chronological log of messages and errors. Oracle
uses the ALERT file as an aternative to displaying such information.

If an error is detected by a background process, the information is dumped into atrace
file.

Tracefiles can also be generated by server processes at user request.

Tracing can be enabled or disabled by the initialization parameter SQL_TRACE; the
valueis True or False.

The following statement enables writing to atrace file for a particular session:
SQ.>ALTER SESSI ON SET sql _trace=TRUE;
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Controlling the ALERT File
and the Trace Files

Instance
SGA
User Server Shared pool
process process

OOOOOO

Trace files ALERT file Trace files
g
USER_DUMP_DEST BACKGROUND_DUMP_DEST
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Location of the ALERT File and the Trace Files

Thefollowing parameters control the location and size of the ALERT fileand the trace
files:

Initialization Parameter Description

BACKGROUND_DUMP_DEST Defines the location of the background trace file
and ALERT file

USER_DUMP_DEST Defines where trace files will be created at the
request of the users

MAX_DUMP_FILE_SIZE Specified in O/S blocks; limits the size of user
trace files, not the ALERT file or background
trace files

Note

 The MAX_DUMP_FILE_SIZE and USER_DUMP_DEST parameters are
dynamic initialization parameters.

 On UNIX, the ALERT file is namedi ert _SI DI og and is located in the
$ORACLE_HOVE/ r dbns/ | og directory by default.

e On Windows NT, the ALERT file is namesi tal rt . | og and is by default located
in the “ORACLE_HOVE% RDBMS80\ TRACE directory in Oracle8. If Oraclegt is
located in the4RACLE_HOVE% ADM N\ S/ D\ BDUWP directory.
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Guidelines

Check the ALERT file periodically to:

* Detect internal errors (ORA-600) and block
corruption errors

* Monitor database operations
* View the nondefault initialization parameter
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Guidelines for the ALERT File

It isimportant to check the ALERT file regularly to detect problems before they
become serious.

The following information islogged in the ALERT file:

* Allinternal errors (ORA-00600) and block corruption errors
(ORA-01578)

» Operations that affect database structures and parameters, as well as commands,
such as STARTUP, SHUTDOWN, ARCHIVE LOG, and RECOVER

» The values of all nondefault initialization parameters at the time the instance starts
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Summary

Summary

In this lesson, you should have learned how to:
* Create the parameter file

® Start up and shut down an instance

®* Access dynamic performance views

®* Manage sessions

* Describe the use of the ALERT file and the trace
files
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Quick Reference

Context Reference
Initialization parameters DB_NAME

CONTROL_FILES
SHARED_POOL_SIZE
BACKGROUND _DUMP_DEST
DB_BLOCK_BUFFERS
COMPATIBLE

IFILE

LOG_BUFFER

PROCESSES

SQL_TRACE

Dynamic initialization USER DUMP_DEST
parameters MAX_DUMP _FILE_SIZE

TIMED_STATISTICS
Dynamic initialization SORT_AREA_SIZE

parameters (deferred)
Dynamic performanceviews |V$FIXED_TABLE

V$PARAMETER
V$CONTROLFILE
V$DATABASE
V$DATAFILE
V$DATAFILE_HEADER
VS$INSTANCE
V$LOGFILE

V$OPTION
V$PROCESS
V$PWFILE_USERS
V$SESSION
V$SYSTEM_PARAMETER
V$SGA

V$VERSION
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Context Reference

Data dictionary views None

Commands CONNECT / ASSYSDBA
CONNECT / AS SYSOPER
STARTUP
SHUTDOWN

SHOW PARAMETER
ALTER SYSTEM KILL SESSION

ALTER SYSTEM DISCONNECT SESSION ...
POST_TRANSACTION

ALTER SYSTEM ENABLE RESTRICTED SESSION
ALTER SYSTEM DISABLE RESTRICTED SESSION
ALTER SESSION SET

ALTER SYSTEM SET

ALTER SYSTEM SET... DEFERRED

ALTER DATABASE MOUNT

ALTER DATABASE OPEN

ALTER DATABASE OPEN READ ONLY

ALTER DATABASE OPEN READ WRITE

Packaged procedure and None
functions
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Lesson 4: Creating a Database

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

e Prepare the operating system
* Prepare the parameter file
* Create the database
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Overview

Overview
Overview
Server Instance
D process SGA
Shared pool

L]
. OO

Data
files
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‘ files
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Wassworw ‘
file
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Database

Overview of Managing and Organizing a Database
Creating the database is the first step in managing and organizing a database system.

Database creation is atask that prepares several operating system files and is needed
only once no matter how many datafiles the database has. Thisis a very important
task because you must decide on database settings, such as the size of the database
block and the database character set, which cannot be changed after the creation.

Depending on the operating system, a database may have been created automatically
as part of the installation.

You can usethisinitial database, or you can erase it and create a new one manually.
During migration from an older version of Oracle, database creation is necessary only
iIf an entirely new database is needed. Otherwise you can use a migration utility—for
example, Oracle Data Migration Assistant—to migrate from an earlier version of the
database.

You can create a database with new data files, or you can erase information in an
existing database that has the same physical structure.

The CREATE DATABASE command initiates the creation of the control files, redo

log files, and the data dictionary structure that the Oracle server requires to access the
database.
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Preparing the Operating System

Creation Prerequisites

* A privileged account authenticated in one of the
following ways:

— By the operating system
— Using a password file
®* Memory to start the instance
* Sufficient disk space for the planned database
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Considerations Before Creating a Database

You should befully privileged on the operating system or should use the password file
authentication (see the lesson “Managing an Oracle Instance”).

Before you create the database, make sure that the memory for the SGA, the Oracle
executable, and the processes is sufficient. Refer to your operating system installation
and administration guides.

Calculate the necessary disk space for the database, including online redo log files,
control files, and data files.
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Preparing the Operating System

Planning Database File Locations

* Keep at least two active copies of a database
control file on at least two different devices.

* Multiplex the redo log files and put group
members on different disks.

®* Separate data files whose data:

— Wil participate in disk resource contention
across different physical disk resources

— Have different life spans
— Have different administrative characteristics
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Planning File Location

Plan how to protect the database, including the online redo log files, control files, data
files, and archived redo log files, and provide a backup strategy.

Control Files For the sake of safety, you should create at least two control files on

two different disks (see the lesson “Maintaining the Control File”). Because control
file copies must always be placed on different disks, they can have identical names,
such agontrol 01. ctl on UNIX orcontrol . ora on Windows NT.

OnlineRedo Log Files The online redo log files of a database should consist of
multiplexed groups of online redo log files. A group of log files consists of identical
copies, which should be located on different disks (see the lesson “Maintaining Redo
Log Files”).

To distinguish between groups and their members, use a name $wghs. r do

orl og0la. rdo.
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Planning File Location (continued)

Data Files Name datafiles by relating to the contents as the root of the name—for
example, datafilessuch assyst enD1. dbf ,t enp01. dbf, and user s01. dbf on UNIX
and syst enD1. oraandt enp01. or a on Windows NT.

Consider the characteristics of the data to be stored before determining the structure
appropriate for your database, in order to:

* Minimize fragmentation
* Minimize disk contention
» Separate objects

To minimize fragmentation of the database, you should separate database objects with
different life spans, such as application data and temporary data, into different
tablespaces.

To ensure well-balanced I/O loads, you should separate objects with competing 1/0
requirements, such as tables and indexes, into different tablespaces.

Note: These subjects are covered in detail in the lessons “Maintaining Tablespaces and
Data Files” and “Storage Structure and Relationships.”
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Oracle Software Locations

On UNIX On Windows NT
/ or acl e_base \oracle_base
/ product

\ oracle_home
/rel ease_nunber

/bin \'adm n\ db_nane
/ dbs \'adm n\v815
/ or ai nst \ or adat a\ db_nane
/sql pl us
/8.1.5 \oin
/ adni n \database

/1 ocal
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Oracle Database Files

/ u02/
or adat a/
db01/
syst enD1. dbf
control 01. ctl
redo0101. rdo
db02/
syst enD1. dbf
control 01. ctl
redo0101. rdo

/ u03/

or adat a/

db01/
t ool s01. dbf

control 02. ctl
redo0102. rdo

db02/
users01. dbf
control 02. ctl
redo0102. rdo
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Optimal Flexible Architecture

Another important issue during installation and creation of adatabase is organizing the
file system so that it is easy to administer growth by adding data into an existing
database, adding users, creating new databases, and adding hardware and distributing
I/0O load across sufficiently many drives.

The Optimal Flexible Architecture (OFA) standard, which provides one solution to
these issues, was written by an Oracle team responsible for installing, tuning, and
upgrading UNIX systems. OFA facilitates configuration of complex Oracle systems
with low maintenance. During an Oracle installation, the OFA standard configuration
Is used automatically.

The OFA structure:
* ORACLE_BASE is the root of the directory tree.

* ORACLE_HOME is the subdirectory that contains the Oracle software and data. Each
version has a separate home.

» Distinguish between product files, which consist of Oracle server software and
tools; administrative files such as database creation scripts; initialization scripts;
and local software that is used with the Oracle server. In the UNIX example, the
directoriespr oduct, admi n, andi ocal satisfy this requirement.

* Make a directory explicitly for storing Oracle server data at the same level of each
of the devices, such a&RACLE_HOME/ or adat a.

» Make a directory beneath the Oracle directory for each of the databases on the
system. In the example, the databases are namaed anddbo1.

Note: The OFA directory structure for NT is not identical to that for UNIX because of
the naming conventions and the lack of symbolic links. To circumvent this problem,
the creation of hard directories instead of symbolic links such as u01 and u02 is
necessary.

For example, instead of creatingo1/ or adat a/ db01/ , whereuO1 represents a
mount point on UNIX, you would create a directornsk_3: \ ORADATA\ DBO1\ 0N
Windows NT.

(For more details, see your installation guide for your platform.)

Enterprise DBA Part 1A: Architecture and Administration 4-9



Lesson 4: Creating a Database

Creating a Database

Creating a Database

® Created using the Database Configuration
Assistant

® Created manually using the CREATE DATABASE
command
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Methods for Creating a Database

Creating a database can be done either by using the Database Configuration Assistant
or by creating a SQL script using the CREATE DATABASE command. The Database
Configuration assistant is Java-based and can be launched from any platform with a
Java engine.

During the installation you are prompted to create a database with the Database
Configuration Assistant. This utility can aso be used after installation to creste or to
delete a database.

Technical Note

Beforerelease 8.1, the Database Configuration Assistant was available only on
Windows NT. To create a database on UNI X, the installer would prompt you to enter
the number and the location of the mount points, the character set, the national
character set, passwords for user sys and SYSTEM and the UNIX group password to
enable operating system authentications.
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Using the Database Configuration Assistant

Using the Database Configuration
Assistant

Welcome to the Oracle Database Configuration Assistart!

Select the procedure you vwant this assistant to perform:

® Creste a database
" Delete o detabase

" Maiify & database
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How to Start the Database Configuration Assistant
To start the Database Configuration Assistant after the installation, follow these steps:

1 Select Start—>Programs—>Orac@RACLE_HOME—>Database
Administration—>Database Configuration Assistant.
This utility is the simplest method to create an Oracle database.

2 Go to the last Database Configuration Assistant screen and complete the creation.
The Database Configuration Assistant starts the related services, edits the
i nit.ora files, and creates a database, configures options, or deletes the database
and services.
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Pretuned Databases

Dracle Database Configuration Assistant [ %]

Select the method for creating your database:

@ Copy existing database files from the CD

Thiz option creates a new datehase by copying existing database fies from
your Oracle Server CO. Place your Oracle Server CD inthe CO-ROM drive.
This is the fastest way to create a databaze

" Cregte new database files

This optian gathers information from several areas to dynamically create =
nev database. The amount of avallable memory Is first detected. Youthen
provide information an the environment in which your database will operate.
This: option may take a lttle longer, but your detabase wil be ketter sized
and configured for your application

Cancsl Help & Back
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Choosing a Pretuned Database or Customizing a Database
The Database Configuration Assistant offers different options:
» Typical consists of two suboptions:

— Copy existing database files from the CD: Automatically installs a standard
database with default initialization parameter settings

— Create new database files: Asks you several database environment questions
before dynamically creating the database

» Custom enables you to customize the creation of your database. Thisoptionisonly
for database administrators experienced with advanced database creation
procedures, such as customizing:

— Data, control, and redo settings

— Tablespace sizes

— Extent sizes

— Database memory parameters

— Archiving formats and destinations
— Trace file destinations

— Character set values
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Predefined Sample Schemas

Dracle Database Configuration Assistant [ %]

Select the environment in which this database will operate:

LTF)
Many eoncurrent users typically runming short transactions which rsad and
uprlate the database. Fast response tine and high avallshiity are criical

" Decision Support System (DS5)

& few users run complex querles, and full exploftation of the hartware
resources s required to minimize Gusty processing time. Appropriste for data
warehousing of reporting spplications which are read-only or read-mastly.

€ Hybrid
Both OLTP and DSS applications are running with this database
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Predefined Samples Schemas

You can use either the Typical option or the Custom option to specify the type of
environment in which to operate your database:

Environment Description

OnlineTransaction | Databasesin OLTP environments must process thousands or
Processing (OLTP) | even millions of transactions from many concurrent users each
day. These transactions consist of reading, writing, and deleting
datain the database. Users must have quick accessto most
current data. Therefore, database performance is defined in terms
of throughput and availability of data.

Decision Support Databasesin DSS environments must process avariety of queries
System (DSS) (typically read-only), ranging from a simplefetch of afew
records to numerous complex queries that sort thousands of
records from many different tables. Therefore, database
performance is defined in terms of response time.

Hybrid Hybrid databases support both OLTP and DSS environments.

Sample OLTP and DSS database schemas are available for the Oracle8i Enterprise
Edition.
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Finishing Create Database

Dracle Database Configuration Assistant [ %]

D yiou weant the: assistart to creste the databaze nove or save your
information to & batch file to be sxecuted lster? Creating the database now
weill take some time.

@ Creste database now
1 Save information ta & batch file

Cancel Help € Back | st

Finish
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Finishing the Database Configuration Assistant

You can use the Database Configuration Assistant to either create the database now or
save the information into a batch file and execute it | ater.
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Creating a Database Manually

Creating a Database Manually

1. Decide on a unique instance and database name
and database character set.

. Set the operating system variables.

. Prepare the parameter file.

. Create a password file (recommended).
. Start the instance.

. Create the database.

~N O O WN

. Run scripts to generate the data dictionary and
accomplish postcreation steps.
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Steps for Creating a Database Manually
Thislesson coversthe first six stepsin detail.

The last step, generating the data dictionary, is discussed in the lesson “Data
Dictionary Views and Standard Packages.”

Technical Note

See your operating system—specific Oracle documentation for information about
creating databases on your platform.
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Operating System Environment

On UNIX, set the following environment variables:
* ORACLE_HOME

* ORACLE_SID

* ORACLE_BASE

®* ORA_NLS33

* PATH
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Setting the Operating System Environment
Decide on aunique name for the instance and set the following environment variables:

Variable Description

ORACLE_HOME | Specifies the directory where the Oracle software will be installed
(Example: / u01/ app/ or acl e/ product/ 8. 1. 5)

ORACLE_SID Specifies the instance name and must be unique for Oracle instances
running on the same machine.

ORACLE _BASE |Not required, but recommended as part of an OFA-compliant installation
(Example: / u01/ app/ or acl e)

ORA_NLS33 Required when creating a database with a character set other than
US7ASCII (Example: $ORACLE_HOVE/ oconmon/ nl s/ adni n/ dat a)
PATH Search path, which must include $ORACLE_HOVE/ bi n

For example, set the environment in a Korn shell with the following command:
$ORACLE_SI D=U16; export ORACLE_SI D

In a C shell, execute the following command:
$set env ORACLE_SI D Ul6

Technical Note

* If ORA_NLS is not set and the database is started with other languages and
character sets than the database default, they will not be recognized.

* The value of the SID can be up to eight characters. Before 8.1 it could only be up
to four characters on Windows NT.
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Operating System Environment

On Windows NT:

® Setthe variable ORACLE_SID to use
SQL*Plus.

® Create the service and the password
file with ORADIM.

C:\> ORADIM -NEW - SI D ul6 -I|NTPWD password
- STARTMODE aut o
- PFI LE ORACLE_HOVE\ DATABASE\ / ni t U16. or a
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Setting the Operating System Environment on Windows NT
On Windows NT, Oracle uses variablesin the registry similar to the way Oracle on
UNIX uses shell environment variables.
The Oracle Ingtaller, the ORADIM, and the Database Configuration Assistant utilities
define variablesin the registry as well as registering the Oracle instance as a service.
You can edit the registry manually through the r egedi t . exe utility.
For example, parameters such as ORACLE_HOME, ORA_NLS33, and
ORACLE_SID (the default is ORCL for the starter database) are stored in the
HKEY_LOCAL_MACHI NE\ SOFTWARE\ ORACLE folder.
Therefore, the creation of a new database requires ORACLE_SID to be set with the
following command:

C.\> set ORACLE_SI D=U16
Now you create anew service and the new password file, if required, to run the
database with the ORADIM utility:

C:\>ORADI M-NEW-SID sid [-1 NTPWD i nt er nal _pwd] [ SRVC svr cnane]

[ MAXUSERS nunber] [ STARTMODE aut o, manual ] [ - PFI LE fil enane]
Note: The Oracle server records all operations that are executed with the ORADIM
utility in the ORACLE_HOVE\ DATABASE\ ORADI M LOGfTile.
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Preparing the Parameter File

* CreatethenewinitSl D ora.

$cp init.ora $ORACLE_HOWE dbs/i nit U16. or a

* Modify the i nit UL6. or a by editing the
parameters.
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Editing the Parameter File

db_name = U10
i nstance_nane
servi ce_nanes
db files = 1024

control files =

(" C:\ ORA815\ or adat a\ ULO\ control O1.ctl ",
" C: \ ORA815\ or adat a\ U10\ control 02. ctl")
db file multiblock read count = 8

db_bl ock_buffers = 2048

shared_pool _size = 4194304

| og_checkpoi nt _i nterval = 10000

| og_checkpoi nt _ti meout = 1800
processes = 50

paral | el _max_servers = 5

| og_buffer = 32768

u10
u10
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Preparing the Parameter File

When preparing the new database, copy the default i ni t . or a file with the new name
initSlD ora.

Change the settings for some parameters; others can be left to default.
You should specify at least the following parameters before starting the instance:

Par ameter Description

DB_NAME Database identifier of eight characters or fewer. Thisisthe only
parameter that is required when creating a new database. This
parameter does not need to match the ORACLE_SID but must match
the name used in the CREATE DATABASE statement.
CONTROL_FILES |Specifiesalist of control files. Always specify at least two control
filenames, placed on separate disksif possible. The control files do not
need to exist at this point. The Oracle server can create new operating
system files when creating the database.

DB_BLOCK_SIZE |Determines the database block size. The block size cannot be changed
after database creation.

Note: The database name is associated with a database at create database time and is
stored in the control files. To change the name of an existing database, use the
CREATE CONTROLFILE command to re-create the control file (see the course
Enterprise DBA Part 1B: Backup and Recovery Workshop).
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Starting the Instance

1. Connect as SYSDBA.
2. Start the instance in NOMOUNT stage.

SQL> STARTUP NOMOUNT PFI LE=i ni t U16. ora
ORACLE i nst ance start ed.
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Starting the Instance

Connect as SYSDBA using operating system authentication or the password file method
and start the instance using the STARTUP command.

The password is the one that was previously used to create the service with the
ORADIM (only Windows NT) or ORAPWD uitility.

If the parameter fileis not in the default location, you may need to specify the
PFILE clause in the STARTUP command. For this course, the parameter fileis
located in the current directory.
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Creating the Database

SPOOL creUl6. | og
STARTUP NOMOUNT PFI LE=i ni t U16. or a
CREATE DATABASE U16
MAXLOGFI LES 5
MAXL OGVEMBERS 5
MAXDATAFI LES 100
MAXLOGHI STORY 100
LOGFI LE
GROUP 1 (/DISK3/logla.rdo’,/DISK4/loglb.rdo’) SIZE 1 M,
GROUP 2 (‘/DISK3/log2a.rdo’,/DISK4/log2b.rdo’) SIZE 1 M
DATAFILE
'IDISK1/system01.dbf' size 50M autoextend on
CHARACTER SET WE8ISO8859P1;
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The CREATE DATABASE Command
To create a database, use the following SQL command:
CREATE DATABASE [ dat abase]
[ CONTROLFI LE REUSE]
[ LOGFI LE [ GROUP integer] filespec
[, [ GROUP i nteger] filespec]...]
[ MAXLOGFI LES i nt eger]
[ MAXLOGMVEMBERS i nt eger ]
[ MAXLOGHI STORY i nt eger]
[ MAXDATAFI LES i nt eger]
[ MAXI NSTANCES i nt eger ]
[ ARCHI VELOG NOARCHI VELOG
[ CHARACTER SET char set]
[ NATI ONAL CHARACTER SET char set]
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The CREATE DATABASE Command (continued)
[ DATAFI LE fil espec [aut oextend_cl ause]
[, filespec [autoextend_clause]...]]

filespec :=="filename’ [SIZE integer][K M [ REUSE]

aut oext end_cl ause : ==
[ AUTOEXTEND { OFF
| ON [ NEXT integer[K M]
[ MAXSI ZE {UNLI M TED| i nt eger [ K| M }]
}

where:
database isthe name of the database to be created (If the

name of the database is omitted, the
initialization parameter DB_NAME is used.)

CONTROLFILE REUSE specifies that an existing control file
identified inthe parameter file should
be reused

LOGFILE GROUP specifies the names of thelog filesto
be used and the group to which they
belong

MAXLOGFILES specifies the maximum number of
redo log file groups that can ever be
created for the database

MAXLOGMEMBERS  specifiesthe maximum number of log
file membersfor alog file group

MAXLOGHISTORY specifies the maximum number of
archived redo logs for automatic
media recovery of the Oracle Parallel

Server
DATAFILE filespec specifies the data files to be used
AUTOEXTEND enables or disables the automatic

extension of adatafile (see
“Maintaining Tablespaces and Data
Files”)
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The CREATE DATABASE Command (continued)

MAXDATAFILES

MAXINSTANCES

ARCHIVELOG

NOARCHIVELOG

CHARACTER SET

specifiestheinitial sizing of thedatafile
section of the control file at CREATE
DATABASE or CREATE
CONTROLFILE time. An attempt to
add a new file whose number is greater
than MAXDATAFILES, but lessthanor
equal to DB_FILES, causesthe control
file to expand automatically so that the
data files section can accommodate
morefiles

isthemaximum number of instancesthat
can simultaneously mount and open the
database

establishes that redo logs must be
archived before they can be reused
establishes that redo logs can be reused
without archiving their contents

is the character set the database uses to
store data

NATIONAL CHARACTER SET

If REUSE is specified in a file specification, then the file must exist; otherwise the

specifiesthe national character set used
to store data in columns defined as
NCHAR, NCLOB, or NVARCHAR?2

If not specified, the national character

set isthe same as the database character
set (see the lesson “Using National
Language Support”).

SIZE option must be specified and the file must not exist.

Example

Turn on spooling to save messages and run the CREATE statement.

The creation results in a database with the name U16. The database consists of two
online redo log file groups, each with two 1 MB members and one 50 MB data file.

The database stores data with an 8-bit character set.
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The CREATE DATABASE Command (continued)

Note:

» The Oracle server allocates as much space in the control files as the values of
MAXLOGMEMBERS, MAXLOGFILES, MAXDATAFILES,

MAXLOGHISTORY, and MAXINSTANCES require.

To change the value of these parameters, use the CREATE CONTROLFILE
command to re-create the control file. (See the cdamteprise DBA Part 1B:
Backup and Recovery.)

* There is no DROP DATABASE command. To delete a database, you must delete
the data files from the operating system. Use the following query to list the
physical data files you will have to remove manually from the operating system:
SQ.> SELECT nanme FROM v$dat afile

2 UNON

3 SELECT name FROM v$controlfile
4 UNION

5 SELECT nenber FROM v$l ogfil e;

C: \ ORA815\ ORADATA\ V815\ CONTROLO1. CTL
C: \ ORA815\ ORADATA\ V815\ CONTROL02. CTL
C: \ ORA815\ ORADATA\ V815\ | NDX01. DBF

C: \ ORA815\ ORADATA\ V815\ OEMREPO1. DBF
C: \ ORA815\ ORADATA\ V815\ RBS01. DBF

C: \ ORA815\ ORADATA\ V815\ REDO01. LOG

C: \ ORA815\ ORADATA\ V815\ REDOO1A. LOG
C: \ ORA815\ ORADATA\ V815\ REDO01B. LOG
C: \ ORA815\ ORADATA\ V815\ REDO02. LOG

C: \ ORA815\ ORADATA\ V815\ REDO03. LOG

C: \ ORA815\ ORADATA\ V815\ SYSTEMD1. DBF
C: \ ORA815\ ORADATA\ V815\ TEMPO1. DBF

C: \ ORA815\ ORADATA\ V815\ USERS01. DBF
13 rows sel ected.

With the Database Configuration Assistant, it is possible to remove the services as
well asthe data files.
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The CREATE DATABASE Command (continued)

To make the new database the default database on Windows NT, change the
ORACLE_SID in the registry.

It is not possible to change the character set or the national character set after
creating the database.

On Windows NT you can use thei | d_db. sql script located in the
%ORACLE_HOVE% RDBMS\ ADM N directory to create a database.
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Troubleshooting

Creation of the database fails if:
®* There are syntax errors in the SQL script
* Files that should be created already exist

®* Operating system errors such as file or directory
permission or insufficient space errors occur
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Troubleshooting

If one of the three problems shown on the dlide occurs, the CREATE DATABASE
statement fails.

In every case, you should shut down the database, delete any files created by the
CREATE DATABASE statement, correct the errors, and attempt to create again.

Enterprise DBA Part 1A: Architecture and Administration 4-27



Lesson 4: Creating a Database

After the Database Is Created

The database contains:
* Data files that make up the SYSTEM tablespace
® Control files and redo log files

®* The user SYS with the password
CHANGE_ON | NSTALL

®* The user SYSTEM with the password MANAGER
®* Therollback segment SYSTEM
* Internal tables (but no data dictionary views)
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After Creating the Database

After the database is created, the database is opened, the SQL script sql . bsq is
successfully executed, and the database objects named in this slide are created.
You can view the dynamic performance views such as V$LOGFILE,
V$CONTROLFILE, and V$DATAFILE, but no data dictionary views are created.

The following lessons explain how to create the data dictionary views to create
additional tablespaces, alter and add redo log files, add control files, and so on.
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Summary

Summary

In this lesson, you should have learned how to:
®* Plan the database structure

®* Prepare the operating system environment
® Create the database
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Quick Reference

Context Reference

Initialization parameters DB_NAME
CONTROL_FILES
DB_BLOCK_SIZE

Dynamic performance views None
Data dictionary views None
Commands CREATE DATABASE

Packaged procedures and functions|None
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Lesson 5: Creating Data Dictionary Views and Standard Packages

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

® Construct the data dictionary views
®* Query the data dictionary

®* Prepare the PL/SQL environment using the
administrative scripts

* Administer stored procedures and packages
* Listthe types of database event triggers
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Overview

Overview

Other objects created with the

database:
* Data dictionary aﬁ?/;sfg?cw

— Base tables H

i

— Views W |
o . Other

Dynamic performance tables databaseM
* Built-in PL/SQL packages files
Database event triggers fire Database
automatically during a specific event,

such as a server error.

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Built-In Database Objects

In addition to creating the databasefiles, the Oracle server creates structures within the
datafiles.

» The data dictionary contains descriptions of the objects in the database. It includes
two types of objects:

— Basetablesare the underlying tables that store the description of the associated
database.

— Datadictionary views summarize and display the information stored in the
base tables.

» Dynamic performance tables contain information used by the database
administrator (DBA) to monitor and tune the database and instance.

» Built-in PL/SQL program units add functionality to the database.

Database Event Triggers

Triggers are procedures that execute (“fire”) implicitly whenever a table or view is
modified, or when some user actions or database system actions occur.

This lesson covers the creation and use of data dictionary views, PL/SQL packages,
and database event triggers.
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Data Dictionary Overview

Data Dictionary

®* Central to every Oracle database
®* Describes the database and its

objects
®* Contains read-only tables and Systemw
views ablespac

* Updated by SQL commands: il

F 4

— DDL
Other
— Some DML databaseM
files
®* Owned by the user SYS
* Stored in the SYSTEM tablespace Database
* Accessed with SELECT
statements
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Data Dictionary

One of the most important parts of an Oracle database isits data dictionary, whichisa
read-only set of tables and views that provides information about its associated
database.

The data dictionary is updated by the Oracle server whenever a data definition
language (DDL) command is executed. In addition, data manipulation language
(DML) commands, such as one that causes a table to extend, can update the data
dictionary.

Not only isthe data dictionary central to every Oracle database, it is an important
source of information for al users, from end users to application designers and
database administrators. To access the data dictionary, you use SQL statements.
Because the data dictionary is read-only, you can issue only queries against the tables
and views of the data dictionary.
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Data Dictionary Contents

Data Dictionary Contents

The data dictionary provides information about:
®* Logical and physical database structure

* Definitions and space allocations of objects
® Integrity constraints

® Users

* Roles

* Privileges

* Auditing

® Otherinformation
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Data Dictionary Contents
A data dictionary contains:

The definitions of all schema objects in the database (tables, views, indexes,
clusters, synonyms, sequences, procedures, functions, packages, triggers, and so
on)

How much space has been allocated for, and is currently used by, the schema
objects

Default values for columns

Integrity constraint information

The names of Oracle users

Privileges and roles each user has been granted

Auditing information, such as who has accessed or updated various schema objects
Other general database information
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Base Tables and Data Dictionary Views

Base Tables and Data Dictionary Views

The data dictionary contains two parts:
®* Base tables:

— Normalized

— Created with database using sql . bsq script
* Data dictionary views:

— Used to simplify the base table information

— Accessed through public synonyms

— Created with the cat al og. sgl script

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Base Tables

Base tables are the underlying tables that store information about the associated
database. The data dictionary base tables are the first objects created in any Oracle
database. They are automatically created when the Oracle server runsthe sql . bsq
script as the database is created. Only the Oracle server should write to these tables.
Usersrarely access them directly because most of the dataiis stored in acryptic format.

Never use DML commands to update the base data dictionary tables directly, with the
exception of the AUD$ table. The AUDS$ table is discussed in the lesson “Managing
Privileges.”

An example of a base table is the IND$ table, which contains information about the
indexes in the database.

Data Dictionary Views

Most users examine the data dictionary by selecting from the views rather than the
base tables. These views summarize and display the information stored in the base
tables. They decode the base table data into useful information, using joins and
WHERE clauses to simplify the information. For example, in the data dictionary
views, object names are used, instead of only object numbers.
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How the Data Dictionary Is Used

How the Data Dictionary Is Used

The data dictionary has three primary uses:

* The Oracle server uses it to find information
about:

— Users
— Schema objects
— Storage structures

* The Oracle server modifies it when a DDL
statement is executed.

®* Users and DBAs can use it as a read-only
reference for information about the database.
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How the Oracle Server Uses the Data Dictionary

Datain the base tables of the datadictionary is necessary for the Oracle server to
function. Therefore, only the Oracle server should write or change data dictionary
information. During database operation, the Oracle server reads the data dictionary to
ascertain that schema objects exist and that users have proper access to them. The
Oracle server also updates the data dictionary continuoudly to reflect changesin
database structures, auditing, grants, and data structures.

How Users and Database Administrators Can Use the Data Dictionary

The views of the data dictionary serve as areference for all database users. You access
the data dictionary views by using the SQL language. Some views are accessible to all
Oracle users, others are intended for database administrators only.
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Data Dictionary View Categories

Data Dictionary View Categories

/D BA_xxx \

All of the objects in the database

\

ALL_xxx

Objects accessible by the current user

USER_Xxxx

Objects owned by the current user

N 4
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Three Data Dictionary View Categories

Data dictionary views are split into three categories, distinguishable from each other
by their prefixes:

* DBA: Database administrator’s view; that is, what is in all schemas

* ALL: Expanded user’s view; that is, what the user can access

* USER: User’s view; that is, what is in the user’s schema

All of the views have public synonyms created on them.

Not all data dictionary views use this naming convention.

Views with the DBA Prefix

Views with the DBA prefix show a global view of the entire database. They are meant
to be queried only by database administrators. Any user granted the system privilege
SELECT ANY TABLE can query the DBA-prefixed views of the data dictionary.

To query on all objects in the database, the DBA could issue the following statement:

SELECT  owner, object_nane, object_type
FROM dba_obj ect s;
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Views with the ALL Prefix

Views with the ALL prefix refer to the user’s overall perspective of the database. These
views return information about schema objects to which the user has access by way of
public or explicit grants of privileges and roles, in addition to schema objects that the
user owns.

For example, the following query returns information about all the objects to which you
have access:

SELECT  owner, object_nane, object_type
FROM al | _objects;

Views with the USER Prefix

The views most likely to be of interest to typical database users are those with the
USER prefix. These views:

* Refer to the user’s own private environment in the database
» Generally refer to objects owned by the current user

* Have columns identical to the other views, except that the column OWNER is
implied to be the current user

* Return a subset of the information in the ALL_ views
» Can have abbreviated PUBLIC synonyms for convenience

For example, the following query returns all the objects contained in your schema:
SELECT  obj ect _nane, object_type
FROM user_objects;
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Data Dictionary Examples

Data Dictionary Examples

* General overview

— DICTIONARY — DICT_COLUMNS

® Schema objects
— DBA_TABLES — DBA_TAB_COLUMNS
— DBA_OBJECTS — DBA_CONSTRAINTS

®* Space allocation
— DBA_SEGMENTS
— DBA_FREE_SPACE
* Database structure
— DBA_DATA FILES
— DBA_ROLLBACK_SEGS

— DBA_TABLESPACES
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DBA_EXTENTS

Data Dictionary Examples
To get an overview of the data dictionary and dynamic performance views, you can
query the DICTIONARY view or its synonym DICT.
SQL>SELECT *
2 FROM di ctionary
3 WHERE UPPER(comments) LIKE '%TABLE%’;

TABLE_NAME COMMENTS
ALL_TABLES Description of relational tables accessible
to the user

ALL_UPDATABLE_COLUMN=scription  of updatable columns

To get an overview of the columns in the data dictionary and dynamic performance
views, you can query the DICT_COLUMNS view.

Note: Seethe Oracle8i Reference for acompletelist of datadictionary views and their
columns.
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Dynamic Performance Views

Dynamic Performance Tables

* “Virtual” tables
* Information accessed from:
— Memory
— Control file
* Synonyms begin with V$
* DBA uses to monitor and tune the database
* Listed in V$FIXED_TABLE
* Example: V$DATAFILE for data file information
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Dynamic Performance Views

Throughout its operation, the Oracle instance records current database activity in a set
of “virtual” tables called dynamic performance views.

They are not true tables, and are not to be accessed by most users; however, database
administrators can query, grant the SELECT privilege, and create views on these
views. These views are sometimes called fixed views because they cannot be altered
or removed by the database administrator.

SYS owns the dynamic performance tables; their names all begin with V$. Views are
created on these tables. The view names all begin with V_$, Then public synonyms
are created for the views. The synonym names also begin with V$.

Note: See théracle8i Reference for a complete list of the dynamic performance
views and their columns.
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Stored Program Units

Stored Program Units

* PL/SQL

— Oracle’s procedural language extension to
SQL

— Stored in the data dictionary
e Java
— Stored in the data dictionary
— To execute, publish its call specification
* External procedures
— Writtenin C
— Stored in a shared library
— To execute, publish the call specification
Copyright 0 Oracle Corporation, 1999. Al rights reserved. (DIRACLE’

Stored Program Units

The Oracle server enables you to access and manipulate database information using
procedural schema objects called stored program units. Stored program units are a
logically related set of SQL and programming language statements that perform a
specific task. They can be called from both SQL and PL/SQL.

PL/SQL Program Units

PL/SQL is Oracle’s procedural language extension to SQL. PL/SQL enables you to
mix SQL statements with procedural constructs.

Java Program Units

The database administrator can install the JServer component of the Oracle server to
execute Java programs units. To call a Javamethod from SQL or PL/SQL, you publish
the method by writing acall specification. The call specification maps the Javamethod
names, parameter types, and return typesto their SQL counterparts.
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C Program Units

An external procedureisa C program that is stored in a shared library and can be
called from aPL/SQL program. External procedures enable the database administrator
to extend the functionality of the Oracle server. They execute in a separate address
space from that of the Oracle server. To call an external procedure, its name, parameter
types, and return type must be published.

Benefits
Stored program units provide the following advantages:

To reduce compile times, the PL/SQL code is precompiled and stored in the data
dictionary with the source code.

Java and C programs can be called from SQL and PL/SQL by defining their call
specification to PL/SQL.

They are stored in the shared pool to reduce disk retrieval.

Data security can be enforced by letting users access data only through procedures
and functions.

During execution, multiple users share a single copy of the program unit.

Stored functions can be used in SQL expressions, in the same manner as built-in
Oracle functions, such as UPPER and SUBSTR.

Note: This section presents an overview of the stored procedures to enable you to
administer the stored units. Developing and maintaining stored procedures, packages,
and triggers are covered in detail in the colsSQL Program Units.

Enterprise DBA Part 1A: Architecture and Administration 5-13



Lesson 5: Creating Data Dictionary Views and Standard Packages

Stored PL/SQL Program Units

Stored PL/SQL Program Units

* A procedure, function, package, or trigger
* Can accept and return parameters

®* Functions can be called from SQL

* A set of SQL and PL/SQL commands

® Stored in the data dictionary

®* |Loaded into the shared pool
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Stored PL/SQL Program Units
Stored PL/SQL program units are:

* Alogically related set of SQL and other PL/SQL programming language
statements that perform a specific task

* Procedures, functions, triggers, or packages
* Assigned a name that is used when calling the program unit
» Created or removed by developers with a CREATE or DROP command.

* Executed from an Oracle application or by using Oracle tools such as SQL*Plus or
Enterprise Manager

* Created and stored in the data dictionary as a schema object
* Loaded into the shared pool
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Stored Procedures

A stored procedure is a procedure or function that is created and stored in the data
dictionary as a schema object. It consists of a set of PL/SQL and SQL constructs.

Procedures and functions are identical except that functions always return asingle
value to the caller, while procedures do not. For simplicity, the term “procedure” as
used in the remainder of this lesson means “procedure or function.”

Triggers

A trigger is a PL/SQL program unit that is executed implicitly by the Oracle server
when a specific type of event occurs. The trigger is never called; it only executes when
the event occurs. Triggers are covered in more detail in a subsequent section.

Parameters

Procedures and functions provide parameters that can be input only (IN), output only
(OUT), or both input and output parameters (IN OUT). The IN mode is the default.
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Packages

Stored PL/SQL Packages

A package:

®* Groups logically related PL/SQL types, items, and
subprograms

* Has two parts:
— A specification describes its components
— A body implements the logic
* Example: DBMS_SESSION.SET_ROLE
— Package: DBMS_SESSION
— Procedure: SET_ROLE

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Packages

A packageis agroup of functionally related variables, constants, cursors, exceptions,
procedures, and functions stored together in the database for use as a unit. Similar to
stand-alone procedures and functions, packaged procedures and functions can be
called explicitly by applications or users.

A package usually has two parts stored separately in the database:

* The specification is the interface to the application and declares the types,
variables, constants, exceptions, cursors, and subprograms available for use

outside of the package.

* The body implements the specification. It includes the PL/SQL code to implement
the procedure and function specifications included in the package specification. It
may also include procedures and functions that are callable only from inside of the

package.

The functionality of a package is similar to that of stored procedures. Once written and
compiled, the contents can be shared by many applications. One major benefit is that
the first time a package construct is called, the whole package is loaded into memory.
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Executing a PL/SQL Program Unit

Executing a PL/SQL Program Unit

| SQL> EXECUTE dbns_session.set_role(...)

1 Instance
e —
) SGA
Shared pool
W System W
ablespac W Control DBMS_SESSION
files
il SET_ROLE
| Database BEGIN...
W END;
Other WRedo log
data files files

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Calling a PL/SQL Program Unit
In the slide, the DBMS_SESSION.SET_ROLE procedure is executed using
SQL*Plus. The procedure is explained in a subsequent section.
The EXECUTE command is a SQL* Plus command that calls a stored procedure.
The package nameisDBMS_SESSION and the SET_ROLE procedure is defined
within the package. The procedure is called with the syntax:

package_nane. procedur e_name
Parameters are coded within the parentheses.

Executing a PL/SQL Program Unit

The server process reads the stored PL/SQL program unit into the shared pool and
executes it. When a package is referenced, the entire package is read into the shared
pool.
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Package Specification and Body

Package Specification and Body
e N
PROCEDURE hire ...
EMP_PKG
package | g_empno NUMBER; |
specification \_ )
( PROCEDURE hire ... \
v_ename VARCHAR2(80);
EMP_PKG
package
body BEGIN ...
FUNCTION edit_empno ...
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EMP_PKG Package Definition
The dlide shows the EMP_PK G package.

The HIRE procedure is callable from outside of the package, because it is declared
in the package specification. The definition of the procedure, that is, its PL/SQL
and SQL code, is included in the definition of the procedure, which is in the
package body. To execute the HIRE procedure from SQL*Plus, use the EXECUTE
command.

SQL> EXECUTE enp_pkg. hire(100, 'Mira’)

PL/ SQL procedure successfully conpl et ed.
The G_EMPNO global variable can be referenced from within or outside of the
package. You can use the EXECUTE command in SQL*Plus to assign a value of
10 to the global variables.

SQL> EXEC enp_pkg. g_enpno : = 10;

PL/ SQL procedure successfully conpl et ed.
The V_NAME local variable can be referenced only from within HIRE.
The EDIT_EMPNO function can be called only from within the package, because
it is not declared in the package specification.
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Oracle-Supplied Packages

Oracle-Supplied Packages

* DBMS_SESSION: Generates SQL commands such
as ALTER SESSION or SET ROLE

* DBMS_UTILITY: Provides various utility routines

* DBMS_SPACE: Provides segment space
availability information

e DBMS_ROWID: Provides ROWID information

* DBMS_SHARED_POOL: Keeps and unkeeps
packages in the shared pool

* DBMS_LOB: Provides routines for operations on
BLOB and CLOB data types
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Oracle-Supplied Packages
The dide lists some of the Oracle-supplied, or built-in, packages.
The table lists examples of procedures in the Oracle-supplied packages.

Package Package Procedur es
DBMS SESSION SET_ROLE
SET_SQL_TRACE
DBMS UTILITY ANALYZE _SCHEMA
COMPILE_SCHEMA
DB_VERSION
DBMS ROWID ROWID_INFO
DBMS SPACE UNUSED_ SPACE
FREE BLOCKS
DBMS SHARED_ POOL KEEP
UNKEEP

Note: For more information on Oracle-supplied packages, see Oracle8i Supplied
Packages Reference and Oracle8i PL/SQL User’s Guide and Reference.
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Obtaining Information

Obtaining Information About Stored
Objects

* Datadictionary view DBA_OBJECTS:
— OWNER
— OBJECT_NAME
— OBJECT_TYPE
— STATUS:
— VALID
— INVALID
* DESCRIBE command:

SQL> DESCRI BE dbns_sessi on
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Dependencies

The Oracle server automatically records dependencies among objects in the data
dictionary. For example, a procedure can be dependent on aview, and aview again is
dependent on atable. If the table on which the view is built is dropped, the Oracle
server setsthe STATUS column of the data dictionary view DBA_OBJECTS for the
dependent view and procedure to INVALID.

All schema objects in a database have a status of VALID or INVALID.

* VALID: The object has been compiled and can be immediately used when
referenced.

* INVALID: The object must be compiled before it can be used. In the case of
procedures, functions, and packages, this means compiling the object. In the case
of views, this means that the view must be reparsed. If these objects are still
invalid after recompiling, then they may require code modifications before they
can be executed.
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Dependencies (continued)
Query the data dictionary view DBA_OBJECT S to obtain information about the
owner, name, type, and status of the objects in the database.
SQL> SELECT obj ect _name, object_type, status
2 FROM dba_objects WHERE object_name like 'DBMS_%’

OBJECT_NAME OBJECT_TYPE STATUS
DBMS_ALERT PACKAGE VALID
DBMS_ALERT PACKAGE BODY VALID
DBMS_ALERT_INFO TABLE VALID
DBMS_APPLICATION_INF PACKAGE VALID
DBMS_APPLICATION_INF PACKAGE BODY VALID
DBMS_AQ PACKAGE VALID
DBMS_AQ PACKAGE BODY VALID

Run the DESCRIBE command in SQL*Plus for specifications for all of the
procedures and functions of a package.

SQL>desc dbms_session

PROCEDURE SET_NLS
Argument Name Type  In/Out Default?

PARAM VARCHAR2 IN

VALUE VARCHAR2 IN
PROCEDURE SET_ROLE

Argument Name Type  In/Out Default?

ROLE_CMD VARCHAR2 IN
PROCEDURE SET_SQL_TRACE
Argument Name Type  In/Out Default?

SQL_TRACE BOOLEAN IN
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Troubleshooting

Troubleshooting

®* The status of dependent objects may be INVALID:

— When DDL commands are executed on
referenced objects

— After creating the objects using the IMPORT
utility
— When a dependent object is modified
®* For program units with an INVALID status:
— The Oracle server automatically recompiles
— The user can recompile manually
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Troubleshooting

After the execution of DDL commands such as ALTER TABLE ADD, RENAME,
DROP, and CREATE OR REPLACE, the status of the dependent objects changesto
INVALID.

Also, loading dependent views and stored procedures with the Import utility may lead
to an INVALID object status, because the Import utility may not be able to create the
dependent objects after creating the referenced objects.

Object A is dependent on object B if A references B. For example, the EMP table,
which isreferenced in the HIRE_EMP procedure, has a column added to it. The
HIRE_EMP procedure is marked as INVALID and must be recompiled before it can
be executed.

The Oracle server automatically recompiles aninvalid view or PL/SQL program unit
the next timeit isused. In addition, the user can force the Oracle server to recompile a
view, stored procedure, or package by using the appropriate SQL command.

Note: Recompiling stored procedures and packages is covered in detail in the course
PL/SQL Program Units.
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Constructing the Data Dictionary

Creating Data Dictionary Views

Script Purpose

catal og. sql] Creates commonly used data dictionary
views and synonyms

catproc.sql] Runs scripts required for server-side
PL/SQL
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Creating the Data Dictionary

The base tables of the data dictionary are automatically created when a database is
created. When the database is created with the Oracle Universal Installer, the data
dictionary views and scripts for your Oracle server options are run automatically.

You might need to run them again when upgrading to a new release of the Oracle
server. Run these scripts connected to the Oracle server asthe user SYS. They are
located in:

*  $ORACLE_HOVE/ r dbns/ admi n directory on UNIX
*  9ORACLE_HOVE% r dbms\ adni n directory on NT
The other administrative scripts are stored in these directories.
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The cat al og. sql Script

Thecat al og. sql script creates the views on the base tables and on the dynamic
performance views, and their synonymes. It starts other scripts that create objects for:

* The basic PL/SQL environment, including declarations for PL/SQL.:
— Data types

Predefined exceptions
— Built-in procedures and functions
— SQL operations

* Auditing

* Import/export

e SQL*Loader

* Installed options

The cat proc. sql Script

Thecat proc. sql script establishes the usage of the PL/SQL functionality. In
addition, it creates several of the PL/SQL packages that are used to extend the
RDBMS functionality. Theat proc. sql script also creates additional packages and
views for:

* Alerts

* Pipes

* Logminer

» Large objects

* Objects

* Advanced queuing

* Replication option

» Other built-ins and options

Note: You may use additional scripts to support other extended Oracle server
functionality, as discussed in the next section.

* For more information about built-in packages, se€Xttaele8i Supplied Packages
Reference.

* For more information about scripts, see @racle8i Administrator’s Guide.
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Administrative Scripts

Administrative Scripts: Naming
Conventions

Convention J Description

cat*. sql Catalog and data dictionary information

dbrs*. sql Database package specifications

prvt*.plb J Wrapped database package code

utl*. sql Views and tables for database utilities
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Administrative Script Categories

The administrative scripts can be separated into four categories by their filenames:
» cat*.sql

e dbms*.sql

e prvtt.plb

o utl*.sql

Thecat *. sql Scripts Thecat*.sql  scripts create data dictionary views. In
addition to the catalog.sql ~ and catproc.sql  Scripts, there are scripts that create
information for Oracle utilities.

For example, the catadt.sql ~ script creates data dictionary views for showing
metadata information for types and other object features in the RDBMS. The
catnoadt.sql  script drops these tables and views.
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Administrative Script Categories (continued)

Thedbns*. sql andprvt*. pl b Scripts Thedbms*. sql and prvt*. pl b
scripts create objects for predefined Oracle packages that extend the Oracle server
functionality. These programs smplify the task of administering the database.

Most SQL scripts are run during the execution of the cat proc. sql script. A few
additional scripts must be executed by the database administrator.

An exampleisthe dbnspool . sql script, which enables you to display the sizes of
objectsin the shared pool and mark them to be kept or removed in the SGA in order to
reduce shared pool fragmentation.

Theut| *. sqgl Scripts Theut! *. sql scripts must be run when the database needs
additional views and tables.

For example, the script ut | xpl an. sql creates atable used to view the execution plan
of a SQL statement.
Note: Most of these scripts must be executed under the user sys. The database

administrator should examine the scripts to find out which user account must be used
to run the scripts.
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Built-in Package Example

Built-in Package Example
4 N\
Package CREATE OR REPLACE PACKAGE
specification dbms_session IS
from
dbmsuti | . sql PROCEDURE set_role
(role_cmd VARCHAR?2);
. J
( CREATE OR REPLACE PACKAGE BODY \
dbms_session WRAPPED
Package 0
body from abed
prvtutil.plb abed
abcd
abcd ...
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DBMS_SESSION Example
The DBMS_SESSION package specification islocated in the donsut i | . sql script,
and its package body islocated inthe prvt uti | . pl b script. The. pl b extensionis
used to indicate PL/SQL binaries.
The package body has been created with the Oracle Wrapper utility, which hides
application internals by encrypting PL/SQL source code.
To execute the SET_ROLE package procedure with the required IN parameter value,
the name of therole, in SQL* Plus, use the following statement:

SQL> execut e DBMS_SESS| ON. SET_ROLE(’ APP1’ ) ;

St at ement processed.
This generates the SET ROL E command, appending the text APP1 to SET ROLE and
then executing it as an SQL command. This command enables or disables roles and
will be covered in detail in the lesson “Managing Roles.”
Because the two scripighnsuti| . sql andprvtutil. pl b, are called from
cat proc. sql , they do not need to be run by the database administrator after
installation.
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Packages and Scripts
The packages listed in the earlier slide are created from their own script files.

« DBMS_SPACE, DBMS_UTILITY, DBMS_ROWID, and DBMS_SESSION are
defined by the scriptsbmsuti | . sql andprvtutil. pl b. These scripts are called
fromcat proc. sql .

« DBMS_LOB is defined byibnsl ob. sql andpr vt ob. pl b.

« DBMS_SHARED_POOL is created by running therspool . sql script.
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Triggers
Triggers
* Written in PL/SQL, Java, or C

* Fire:

— Automatically

— Implicitly
® Stored in the database
* Managed like other stored program units
®* Usage examples:

— Generate derived column values

— Enforce complex edits

— Log events

— Audit

— Gather statistics
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Overview

Triggers are procedures written in PL/SQL, Java, or C that execute (“fire”) implicitly
when a table is modified, an object is created, or some user actions or database system
actions occur. These procedures can be written in PL/SQL or Java and stored in the
database, or they can be written as external procedures.

Triggers are similar to stored procedures; however, procedures and triggers differ in
the way that they are invoked. A procedure is explicitly executed by a user,
application, or trigger. Triggers (one or more) are implicitly fired (executed) by the
Oracle server when a triggering event occurs, no matter which user is connected or
which application is being used.
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How Triggers Are Used

Triggers can supplement the standard capabilities of the Oracle server to provide a
highly customized database management system. For example, triggers can be used to:

Automatically generate derived column values

Prevent invalid transactions

Enforce complex security authorizations

Enforce referential integrity across nodes in a distributed database
Enforce complex business rules that cannot be coded in constraints
Provide transparent event logging

Provide sophisticated auditing

Maintain synchronous table replicates

Gather statistics on table access

Modify table data when DML statements are issued against views

Publish information about database events, user events, and SQL statements to
subscribing applications
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Parts of a Trigger

Parts of a Trigger

* Triggering event
— Instance startup or shutdown
— A specific error message or any error message
— User logon or logoff
— A DML statement on a specific table or view
— A DDL statement on any schema
®* Restriction
— Optional boolean clause in a WHEN statement
— Trigger only fires if clause is TRUE
® Action: Program unit block

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Three Parts to a Trigger

A trigger has three basic parts:

» Actriggering event or statement
» Atrigger restriction

» Atrigger action

Triggering Event or Statement

A triggering event or statement is the SQL statement, database event, or user event
that causes a trigger to be fired. The following triggering events are most likely to be
used by a database administrator:

* Aninstance startup or shutdown

* A specific error message or any error message

* A user logon or logoff

* A CREATE, ALTER, or DROP statement on any schema

In addition, application developers may write triggers that fire when an INSERT,
UPDATE, or DELETE statement is executed on a specific table or view.
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Trigger Restriction

A trigger restriction specifies a Boolean (logical) expression that must be TRUE for
thetrigger to fire. The trigger action is not executed if the trigger restriction evaluates
to FALSE or UNKNOWN. The trigger restriction is coded with aWHEN clause.

Trigger Action

A trigger action is the procedure (PL/SQL block, Java program, or C callout) that
contains the SQL statements and code to be executed when a triggering statement is
issued and the trigger restriction evaluates to TRUE. Like stored procedures, a trigger
action can contain SQL and PL/SQL or Java statements, define PL/SQL language
constructs (variables, constants, cursors, exceptions, and so on) or Java language
constructs, and call stored procedures.
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Trigger Example

CREATE OR REPLACE TRI GGER | og_| ogon
AFTER LOGON ON DATABASE
WHEN (USER = ' SYS' OR USER LI KE ' OPS$% )

/

BEG N
| NSERT | NTO sys. event _| og
VALUES (' Logon ' || USER || ' at '’
|| TO CHAR(sysdate, ’'YYYY-MV DD HH4:M:SS'));
COW T;
END;
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Logon Trigger

Trigger Example

The example in the slide shows a trigger being created or replaced with the CREATE
OR REPLACE TRIGGER command. The trigger has the following characteristics:

e Itis named LOG_LOGON.

» It fires after any user logs on to the instance.

» It will only execute if the username is SYS or the username is prefixed with OPS$.
* When it executes, it inserts a row into the EVENT_LOG table to show that the user

logged on to the instance.

Trigger information is stored in the data dictionary view DBA_TRIGGERS.
The implementation of triggers is covered in more detail in the cOWS&L Jored

Program Units.
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Summary

Summary

In this lesson, you should have learned how to:

* Use the data dictionary views to get information
about the database and instance

® Obtain information about data dictionary views
from DICTIONARY and DICT_COLUMNS

®* Use the administrative scripts to create data
dictionary views and Oracle-supplied packages

® Obtain information about stored PL/SQL from
DBA_SOURCE

* Use database event triggers
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Quick Reference

Context Reference

Initialization parameters None

Dynamic performanceviews |None

Data dictionary views DICTIONARY
DICT

DICT_COLUMNS
DBA_OBJECTS
DBA_TRIGGERS

Commands None
Packaged procedures and DBMS SESSION.SET_ROLE
functions
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Lesson 6: Maintaining the Control File

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Explain the uses of the control file
® List the contents of the control file
* Multiplex the control file

® Obtain control file information
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The Use of the Control File

The Use of the Control File

Small, binary file

Control WWW? edo lo w * Required:
files files — At mount

W“ W — To operate

Linked to a single
database

Should be multiplexed

* Loss may require
recovery

W

‘ Data
lllfiles|

|
W
W

ééé

Database .

Copyright 00 Oracle Corporation, 1999. All rights reserved. OR’ACLG

The Use of the Control File

The control file of a database is a small binary file necessary for the database to start
and operate successfully. Each control fileis associated with only one Oracle database.

A control file is updated continuously by the Oracle server during database use, so it
must be available for writing whenever the database is open. The information in the
control file can be modified only by the Oracle server; no DBA or end user can edit the
control file.

If for some reason the control file is not accessible, the database will not function
properly. If all copies of a database’s control files are lost, the database must be
recovered before it can be opened.
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Control File Contents

Control File Contents

* Database name and identifier

* Database creation date

* Datafile and redo log locations
®* Tablespace names

®* Log history

®* Backup information

®* Current log sequence number
®* Checkpoint information
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Contents of the Control File

The database name is taken from either the name specified by the initialization
parameter DB_NAME or the name used in the CREATE DATABASE statement.

The database identifier is recorded when the database is created.

The time stamp of the database creation is also recorded when the database is
created.

The names and locations of associated data files and online redo log files are
updated when a data file or redo log is added to, renamed in, or dropped from the
database.

Tablespace information is updated as tablespaces are added or dropped.

The log history is recorded during log switches.

The location and status of archived logs are recorded when archiving occurs.
The location and status of backups are recorded by the Recovery Manager utility.
The current log sequence number is recorded when log switches occur.
Checkpoint information is recorded as checkpoints are made.
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Contents of the Control File (continued)
The control file consists of two types of sections:
* Reusable
* Not reusable

Reusable sections store Recovery Manager information, such as backup data file

names and backup redo log file names. They are used in a circular manner and can be
reused only by Recovery Manager.

Note: Recovery Manager is covered in more detail in the cdentseprise DBA Part
1B: Backup and Recovery.
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Multiplexing the Control File

Multiplexing the Control File

control _files=(/D SKl/control 01. con, / DI SK2/ contr ol 02. con)

Disk 1 Disk 2

W}ont rol O1. com Mont rol 02. co||
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Multiplexing the Control File

Aswith online redo log files, Oracle allows multiple, identical control filesto be open
concurrently and written to. You can specify up to eight fully qualified control file
names, using the initialization parameter CONTROL_FILES. The Oracle server
creates and maintains all files listed in this parameter when the instance is started.
You can multiplex control files by:

» Creating multiple control files when the database is created

* Adding a control file after the database is created

Creating a Control Filewith the Database The easiest method for creating
multiple control files is to include the control file names in the CONTROL_FILES
initialization parameter when the database is created:

CONTRCL_FI LES = (/DI SK1/ control 01. con, / DI SK2/ cont r ol 02. con)

The Oracle server will create all of the control files listed in the parameter. The
filenames specified in this parameter should include the full pathname. Filename
specification is operating systesgpecific.

How to Add a Control File To add acontrol file or change the number or location
of the control file:

1 Shut down the database.

2 Copy the current control file using an operating system command.

3 Add the new control file names to the CONTROL _FIL ES parameter.
4 Start up the database.
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Guidelines for Control Files

Guidelines for Control Files

®* You should:
— Multiplex the control file
— Include the full pathname in CONTROL_FILES

— Back up the control file after the database
structure changes

® Control files:
— Are sized by CREATE DATABASE keywords

— Have areusable section that can expand due
to Recovery Manager updates
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Purpose of Multiplexing

To safeguard against a single point of failure of the control file, it is strongly
recommended that you multiplex the control file, storing each copy on a different
physical disk.

If acontrol fileislost, use the copy of the control file to restart the instance.

If you have multiple copies of the current control file on different disks, you can easily
start an instance without the need for database recovery.
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CREATE DATABASE Keywords

Keywords specified during the creation of the database affect the size of the control
file. Thisis particularly significant when the parameters have large values. You might
need to re-create the control file to change one or more of the database limit
parameters, which could increase or decrease the size of the control file.

The size of the controal file isinfluenced by the following keywords in the CREATE
DATABASE or CREATE CONTROLFLE commands:

* MAXLOGFILES

* MAXLOGMEMBERS
* MAXLOGHISTORY

* MAXDATAFILES

* MAXINSTANCES

A new control file must be created to change the size of the space created by these
keywords.

Reusable Section Can Expand

When Recovery Manager is used, the reusable section of the control file can expand
based on the number of entries required by Recovery Manager.

Backup After Database Structure Changes

Because the control file records the physical structure of the database, you should
immediately make a backup of your control file after making changes to the physical
structure of the database.

Backup and recovery of the control file is covered in detail in the c&mterprise
DBA Part 1B: Backup and Recovery.
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Obtaining Information About the Control File

Obtaining Information

* V$CONTROLFILE
* V$CONTROLFILE_RECORD_SECTION
* Performance views from the control file:
— VS$DATAFILE
— VS$TEMPFILE
— VS$TABLESPACE
- V$LOG
— Others
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Obtaining Information About the Control File
To obtain the location and names of the control files, use the dynamic performance
view VSCONTROLFILE.
SQ.> SELECT nane
2 FROM v$controlfile;

/ DI SK1/ control 01. con
/ DI SK2/ cont r ol 02. con
2 rows sel ected.

The VSPARAMETER view can a so be used; however, because of column lengths, the
control file names may be truncated.
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Obtaining Information About the Control File (continued)

To obtain information about the different sections of the control files, query the
V$CONTROLFILE_RECORD_SECTION dynamic performance view.
SQL>SELECT type, record_size, records_total, records_used
2 FROM v$control file_record_section
3 WHERE type='DATAFILE’;

TYPE RECORD_SIZ RECORDS_TO RECORDS_US

DATAFILE 180 30 4
1 row selected.

The column RECORDS_TO specifies the number of records allocated for a special
section. For example, you can view the maximum number of data files—30, in our
example, which is determined by the MAXDATAFILES parameter in the CREATE
DATABASE command.

The information in several of the other dynamic performance views is obtained from
the control file:

* V$BACKUP

* VS$DATAFILE

* V$TEMPFILE

* VS$TABLESPACE
* V$ARCHIVE

* VSLOG
* VS$LOGFILE
* VSLOGHIST

* V$ARCHIVED LOG
« V$DATEBASE
¢ Others
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Summary

Summary

In this lesson, you should have learned how to:

* Explain that the control file is required to mount
and operate the database

* Multiplex the control file to avoid a single point of
database failure

®* Back up the control file after making changes to
the physical database structure
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Quick Reference

Context Reference

Initialization parameters CONTROL_FILES

Dynamic performance views V$CONTROLFILE
VSCONTROLFILE_RECORD_SECTION
VSPARAMETER

Data dictionary views None

Commands None

Packaged procedures and functions  |None
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Lesson 7: Maintaining Redo Log Files

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Explain the use of online redo log files

® Obtain log and archive information

® Control log switches and checkpoints

* Multiplex and maintain online redo log files

®* Plan online redo log files

®* Troubleshoot common redo log file problems
®* Analyze online and archived redo logs
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Overview

Using Redo Log Files
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files

)

Redo |OW
files

J

W’:ontrol
files

|
|

g
Ly
L

Database
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Purposes of the Redo Logs Files

The Oracle server maintains online redo log files to minimize the loss of datain the
database. The redo log files record all changes made to data in the database buffer
cache with some exceptions; for example, in the case of direct writes.

Redo log files are used in a situation such as an instance failure to recover committed
data that has not been written to the data files. The redo log files are used only for
recovery.
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Using Online Redo Files

Redo Log Groups and Members
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Structure of the Redo Log Files

The database administrator can set up the Oracle database to maintain copies of online
redo log filesto avoid losing database information due to a single point of failure.

Online Redo Log Groups
* A set of identical copies of online redo log files is called an online redgrtog.

» The LGWR background process concurrently writes the same information to all
online redo log files in a group.

* The Oracle server needs a minimum of two online redo log file groups for the
normal operation of a database.

Online Redo Log Members
* Each online redo log file in a group is callethember.

» Each member in a group has identical log sequence numbers and the same size.
The log sequence number is assigned each time the Oracle server starts writing to a
log group to identify each redo log file uniquely. The current log sequence number
Is stored in the control file and in the header of all data files.
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Creating Initial Redo Log Files

The initial set of online redo log groups and members are created during the database
creation.

The following parameters limit the number of online redo log files:

The MAXLOGFILES parameter in the CREATE DATABASE command specifies
the absolute maximum of online redo log groups.

The maximum and default value for MAXLOGFILES is dependent on your
operating system.

The MAXLOGMEMBERS parameter used in the CREATE DATABASE

command determines the maximum number of members per group. The maximum
and default value for MAXLOGMEMBERS is dependent on your operating
system.

The LOG_FILES initialization parameter sets the current maximum number of the
log groups that can be opened at run time for the database, and cannot exceed
MAXLOGFILES.

Technical Note

The LOG_FILES parameter has been made obsolete in release 8.1 to simplify
database administration.
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LGWR, Log Switches, and Checkpoints
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Redo Log Buffer and the LGWR Background Process

The Oracle server sequentially records all changes made to the database in theredo log
buffer. The redo log buffer isused in acircular manner. The redo entries are written to
one of the online redo log groups called the current online redo log group by the
LGWR process under the following situations:

* When a transaction commits

* When the redo log buffer becomes one-third full

* When there is more than a megabyte of changed records in the redo log buffer
* When a timeout occurs (every three seconds)

+ Before the DBW writes modified blocks in the database buffer cache to the data
files

Log Switches

LGWR writes to the online redo log files sequentially—that is, when the current
online redo log group is filled, LGWR begins writing to the next group. When the last
available online redo log file is filled, LGWR returns to the first online redo log group
and starts writing again.
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Log Switches (continued)

The database administrator can also force log switches (see subsequent sections). Each
time alog switch occurs and LGWR begins writing to anew log group, the Oracle
server assigns a number known as the log sequence number to identify the set of redo
entries.

When alog switch occurs, an event called a checkpoint is initiated.

A log switch is the event during which LGWR stops writing to one online redo log
group and starts writing to another.

Checkpoints
During a checkpoint:

* A number of dirty database buffers covered by the log being checkpointed are
written to the data files by DBW The number of buffers being written by DBW
is determined by the parameter FAST_START_I0_TARGET, if specified. This is
covered in more detail in the courSeterprise DBA Part 1B: Backup and
Recovery.

» The checkpoint background process CKPT updates the headers of all data files and
control files to reflect that it has completed successfully.

Checkpoints can occur fatl data files in the database or for ogbecific data files.

A checkpoint occurs, for example, in the following situations:

* Atevery log switch

* When an instance has been shut down with the normal, transactional, or immediate
option

* When forced by setting the initialization parameters,

LOG_CHECKPOINT_INTERVAL, LOG_CHECKPOINT_TIMEOUT, and
FAST_START_IO_TARGET (see subsequent sections)

* When manually requested by the database administrator (see subsequent sections)

Information about each checkpoint is recorded in the ALERT file if the initialization
parameter LOG_CHECKPOINTS_TO_ALERT is set to TRUE. The default value of
FALSE for this parameter does not log checkpoints.

Technical Note
The FAST_START_IO_TARGET parameter has been added in release 8.1.
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Decide if Archiving of the Redo Log Files Should Be Enabled

One of the important decisions that a database administrator has to make is whether
the database is configured to operate in ARCHIVELOG mode or in
NOARCHIVELOG mode.

NOARCHIVELOG Mode In NOARCHIVELOG mode, the online redo log files
are overwritten each time an online redo log fileisfilled, and log switches occur.
LGWR will not overwrite aredo log group until the checkpoint for that group is
completed.

ARCHIVELOG Mode If the databaseis configured to run in ARCHIVELOG
mode, inactive groups of filled online redo log files must be archived. Because all
changes made to the database are recorded in the online redo log files, the database
administrator can use the physical backup and the archived onlineredo log files to
recover the database without losing any committed data.

There are two ways in which online redo log files can be archived:

* Manually

* Automatically
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Decide if Archiving of the Redo Log Files Should Be Enabled (continued)
ARCHIVELOG Mode (continued)

The LOG_ARCHIVE_START initialization parameter indicates whether archiving
should be automatic or manual when the instance starts up.

* TRUE indicates that archiving &itomatic. ARCn will initiate archiving of the
filled log group at every log switch.

* FALSE, the default value, indicates that the database administrator will archive
filled redo log filesmanually. The database administrator must manually execute a
command each time he or she wants to archive an online redo log file. All or
specific online redo log files can be archived manually.

Note: Archiving is covered in more detail in the couEseerprise DBA Part 1B:
Backup and Recovery.
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Obtaining Log and Archive Information

Obtaining Information
About Archiving

® SQL command:

ARCHI VE LOG LI ST;

e V$DATABASE:
- NAME
- LOG_MODE
e V$INSTANCE:
ARCHIVER
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Obtaining Archive Information
The following SQL command shows the database log mode and if the automatic
archival is enabled:

SQ.> ARCH VE LOG LI ST

Dat abase | og node No Archi ve Mode
Aut omati ¢ archival D sabl ed
Archive destination ?/ dbs/ ar ch

A dest online | og sequence 688

Qurrent | og sequence 689

Query the dynamic performance views V$DATABASE and V$INSTANCE to show
the database |og mode and the archiving mode.

S@> SELECT nane, | og_node
2 FROM v$dat abase;

uis NOARCH! VELGG
1 row sel ect ed.
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Obtaining Archive Information (continued)

SQ > SELECT archi ver
2 FROM v$i nst ance;

STOPPED
1 row sel ect ed.
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ORACLE

~— Archive Information

-+ Initialization Parameters
Sessions Log Mode MOARCHIELOG
In-Doubt Transactions

Last SCH Archived 327474

Archive Destination CIAORABTSRDBMS

Archive Format ARCHS.%T

W — SGA Information
W Database Buffers 16,384 KBytes
ol | Fixed Size G4 KBytes
N Redo Buffers 72 KBytes
Variable Size 19,064 KBytes

How to Use Instance Manager to Obtain Archive Information
Launch Instance Manager and obtain information about archiving.

1 Launch Instance Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Instance Manager

2 Enter the login information, and click OK.
3 Expand your working database and select Database in the navigator tree.
4 Click the Information tab to obtain the archive information.
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Obtaining Information
About Groups

V$THREAD:

* GROUPS

¢ CURRENT_GROUP#
¢ SEQUENCE#
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Obtaining Log Group Information

To see the number of online redo log groups, the current log group, and the sequence
number, query the dynamic performance view V$THREAD. Thisis of particular
interest to Parallel Server administrators.
SQ@ > SELECT groups, current_group#, sequence#
2 FROM v$t hr ead;

1 row sel ect ed.
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Obtaining Information About
Groups and Members

V$LOG:

* GROUP#

* MEMBERS

e STATUS

¢ SEQUENCE#
e BYTES
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Obtaining Log Group Information (continued)
Thefollowing query returns information about the online redo log file from the control
file:

SQ@ > SELECT group#, sequence#, bytes, menbers, status

2 FROM v$l og;
GROUPH SEQUENCE# BYTES VEMBERS STATUS
1 688 1048576 1 CURRENT
2 689 1048576 1 | NACTI VE

2 rows sel ected.

The following items are the most common values for the STATUS column:

* UNUSED indicates that the online redo log group has never been written to. This
Is the state of an online redo log file that was just added.

* CURRENT indicates the current online redo log group. This implies that the
online redo log group is active.

* ACTIVE indicates that the online redo log group is active but is not the current
online redo log group. It is needed for crash recovery. It may be in use for block
recovery. It may or may not be archived.
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Obtaining Log Group Information (continued)

* CLEARING indicates the log is being re-created as an empty log after an ALTER
DATABASE CLEAR LOGFILE command. After the log is cleared, the status
changes to UNUSED.

« CLEARING_CURRENT indicates that the current log file is being cleared of a
closed thread. The log can stay in this status if there is some failure in the switch,
such as an I/O error writing the new log header.

* INACTIVE indicates that the online redo log group is no longer needed for
instance recovery. It may or may not be archived.
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Obtaining Information About
Groups and Members

V$LOGFILE:
* GROUP#
e STATUS
* MEMBER
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Obtaining Log Member Information

To obtain the names of all the members of a group, query the dynamic performance
view VSLOGFILE.
SQL> SELECT *
2> FROM v$l ogfile;

GROUP#STATUSMEMBER
1 / DI SK3/1 ogla. rdo
2 / DI SK4/1 og2a. rdo

The value of the STATUS column could be one of the following:
* INVALID indicates that the file is inaccessible.

» STALE indicates that contents of the file are incomplete; for example, adding a log
file member.

 DELETED indicates that the file is no longer used.
* Blank indicates that the file is in use.
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Controlling Log Switches and Checkpoints

Log Switches and Checkpoints

* Forcelog switches with the command:

ALTER SYSTEM SW TCH LOGFI LE;

® Control checkpoints with the initialization
parameters:

— LOG_CHECKPOINT_INTERVAL
— LOG_CHECKPOINT_TIMEOUT
— FAST_START_IO_TARGET
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Forcing Log Switches and Checkpoints

A log switch occurs when the LGWR stops writing to an online redo log group and
starts writing to another.

Log switches and checkpoints are events that happen automatically; for example,
when the current online log file group isfilled. But log switches and checkpoints can
be forced.

Forcing Log Switches
You can force alog switch using the following SQL command:
SQL> ALTER SYSTEM SW TCH LOGFI LE;

Forcing Checkpoints
You can manually force a checkpoint by using the following SQL command:
SQ> ALTER SYSTEM CHECKPQO NT;
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Setting Database Checkpoint Intervals

When the database uses large online redo log files, you can set additional database
checkpoints by setting the initialization parameters:

e LOG_CHECKPOINT_INTERVAL

e LOG_CHECKPOINT_TIMEOUT

» FAST_START_IO_TARGET (in release 8.1, but only for the Enterprise Edition)

LOG_CHECKPOINT_INTERVAL For versions prior to release 8.1, a checkpoint
IS initiated as soon as the LGWR writes the number of blocks specified by the
parameter LOG_CHECKPOINT_INTERVAL.

The value of LOG_CHECKPOINT_INTERVAL is specified in operating system
blocks and not in Oracle database blocks.

Regardless of this value, a checkpoint always occurs when switching from one online
redo log file to another.

If the value exceeds the actual online redo log file size, checkpoints occur only when
switching logs.

Note that specifying a value of O for the interval might cause checkpoints to be
initiated very frequently, because a new request will be started even if a single redo log
buffer has been written since the last request was initiated.

With release 8.1, when LOG_CHECKPOINT_INTERVAL is specified, the target for
checkpoint position cannot lag the end of the log more than the number of redo log
blocks specified by this parameter. This ensures that no more than a fixed number of
redo blocks will need to be read during instance recovery.

LOG_CHECKPOINT_TIMEOUT For versions prior to release 8.1, the value of

this initialization parameter specifies the maximum amount of time before another
checkpoint occurs. The value is specified in seconds. The time begins at the start of the
previous checkpoint, and then a checkpoint occurs after the amount of time specified
by this parameter.

Specifying a value of O for the timeout disables time-based checkpoints.

With release 8.1, when LOG_CHECKPOINT_TIMEOUT is specified, it sets the

target for checkpoint position to a location in the log file where the end of the log was

this many seconds ago. This ensures that no more than the specified number of
seconds’ worth of redo blocks needs to be read during recovery.
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Setting Database Checkpoint Intervals (continued)

FAST_START_IO_TARGET Theparameter FAST_START_IO_TARGET
improves the performance of crash and instance recovery. The smaller the value of this
parameter, the better the recovery performance, because fewer blocks need to be
recovered. When the parameter is set, the DBWn writes dirty buffers out more
aggressively. The parameter was introduced in release 8.1.

Technical Note

The fast checkpointing procedure is covered in more details in the course Enterprise
DBA Part 1B: Backup and Recovery.
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Multiplexing and Maintaining Members and Groups

Adding Online Redo Log Groups

ALTER DATABASE ADD LOGFILE
(/DISK3/log3a.rdo’,
‘/DISK4/log3b.rdo’) size 1M;

| ha
wmglb.rdo Wm Io%b.rdo Wm 'Mong.rdo W
Group 1 Group 2 Group 3
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Adding Redo Log Groups

In some cases you might need to create additional log file groups. For example, adding
groups can solve availability problems. To create a new group of online redo log files,
use the following SQL command:

ALTER DATABASE [ dat abase]
ADD LOGHFI LE [ GROUP integer] filespec
[, [GROUP integer] filespec]...]
You specify the name and location of the members with the file specification. The

value of the GROUP parameter can be chosen for each redo log file group. If you omit
this parameter, the Oracle server generates its value automatically.
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Adding Online Redo Log Members

ALTER DATABASE ADD LOGFILE MEMBER
‘/DISK4/log1b.rdo’ TO GROUP 1,
‘/DISK4/log2b.rdo’ TO GROUP 2;

WW WOglb. rdw WJQZa.rdo WM WJQZb.I’dO

Group 1 Group 2

|
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nga.rdo

Adding Redo Log Members
You can add new membersto existing redo log file groups using the following ALTER
DATABASE ADD LOGFILE MEMBER command:
ALTER DATABASE [ dat abase]
ADD LOGFI LE MEMBER
[ "filename’ [ REUSE]
[, "filenane’ [REUSH]...
TO { GROP i nt eger
|(Cfilename' [, "filenane']...)
}
]...
Use the fully specified name of the log file members; otherwise, the fileswill be
created in adefault directory of the database server.
If the file aready exists, it must have the same size and you must specify the REUSE
option. You can identify the target group either by specifying one or more members of
the group or by specifying the group number.
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&& Create Redo Log Group - system@v815. world

General

qﬂ Group# |5
File Size: 1024 [KBytes -~

Redo Log Members:

S0L Text
ALTER DATABASE ADD LOGFILE GROUP 5 ('C: -~
\ORABT SWORADATANET SILOGS ORATY SIZE 1024K l ©

How to Use Storage Manager to Maintain Groups and Members
Launch Storage Manager to manage redo log groups and members.

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.

3 Expand your working database and select the Redo Log Groups folder in the
navigator tree. Click the right mouse button and select Create.

4 Enter your redo log group information and specify the members. Click Create.
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Relocating or Renaming Online Redo Log Files

How to Relocate or Rename
Online Redo Log Files

1. Copy the online redo log files to the new location.

2. Execute the ALTER DATABASE RENAME FILE
command.
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Renaming Redo Log Files
The locations of the online redo log files can be changed by renaming the online redo
log files. Before renaming the online redo log files, ensure that the new online redo log
file exists. The Oracle server changes only the pointersin the control files, but does
not physically rename or create any operating system files.
The following ALTER DATABASE RENAME FILE command changes the name of
the online redo log file:
ALTER DATABASE [ dat abase]
RENAVE FI LE "filenane’ [, 'filename’']...
TO filenane’' [, 'filename’']...
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&% Oracle Storage Manager 5YSTEM@v815. world
Eile hject ols ORACLE
@-%gvms.world- systern
- _JTablespaces
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EB-_JRollback Segments
GHJRedo Log Groups

General

File Size: [1024 [ Bytes

o Redao Log Members:

@2 _ |Mame

3 CAORAR SIORADATANWEI SIREDOMALOG
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How to Use Storage Manager to Relocate or Rename Redo Log Members
Launch Storage Manager to rename or relocate redo log members.

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.
3 Expand your working database and select a redo log group.

4 Modify your redo log member information to rename or relocate members. Click
Apply.
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Dropping Online Redo Log Groups and Members

Dropping Online Redo
Log Groups

|ALTER DATABASE DROP LOGFI LE GROUP 3;

Group 1 Group 2 Group 3
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Dropping a Redo Log Group

To increase or decrease the size of online redo log groups, add new online redo log
groups (with the new size) and then drop the old ones.

An entire online redo log group can be dropped with the following ALTER
DATABASE DROP LOGFILE command:

ALTER DATABASE [ dat abase]
DROP LOGHI LE
{GROUP integer| (' filenane’ [, 'filename']...)}
[,{GROWP integer|('filenane’ [, "filename’]...)}]...

Restrictions
* Aninstance requires at least two groups of online redo log files.
* An active or current group cannot be dropped.

» If the database is running in ARCHIVELOG mode and the log file group is not
archived, then the group cannot be dropped.

* When an online redo log group is dropped, the operating system files are not
deleted.
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Dropping Online Redo
Log Members

ALTER DATABASE DROP LOGFILE MEMBER
‘IDISK4/log2b.dbf’;

KA
wwglb.rdo |

Group 1

;
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Dropping a Redo Log Member

You may want to drop an online redo log member because it has a status of INVALID.
Usethefollowing ALTER DATABASE DROP LOGFILE MEMBER command if you

want to drop one or more specific online redo log members:
ALTER DATABASE [ dat abase]

DRCP LOGFI LE MEMBER " filename’ [, "filenane’]. ..

Restrictions

* If the member you want to drop is the last valid member of the group, you cannot

drop that member.

» If the group is current, you must force a log file switch before you can drop the

member.

» If the database is running in ARCHIVELOG mode and the log file group to which
the member belongs is not archived, then the member cannot be dropped.

* When an online redo log member is dropped, the operating system file is not

deleted.
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How to Use Storage Manager to Drop Redo Log Groups and Members
Launch Storage Manager to drop redo log groups and members.

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.

3 Expand your working database and select a redo log group or a redo log member,
depending on which object you want to remove.

4 Select Object—>Remove from the menu bar to remove a redo log group or a
member.
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Clearing Online Redo Log Files

Example:

ALTER DATABASE CLEAR LOGFILE
‘/DISK3/log2a.rdo’;
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Clearing Online Redo Log Files
If aredo log fileis corrupted in al members, the database administrator can solve this
problem by reinitializing these log files.
The SQL command ALTER DATABASE CLEAR LOGFILE reinitializes online redo
log files:
ALTER DATABASE [ dat abase]
CLEAR [ UNARCH VED| LOGFI LE
{GROUP integer| (' filenane’ [, "filename']...)}

[,{GROWP integer|('filenane’ [, "filename’]...)}]...

Using this command is equivalent to adding and dropping an online redo log file. But

you can issue this command even if there are only two log groups with one file each,
and even if the cleared group is available but not archived.

Restrictions

You can clear an online redo log file whether it is archived or not. However, whenit is
not archived, you must include the keyword UNARCHIVED. Thiswill make backups
unusable if the online redo log file is needed for recovery.

Note: Clearing online redo log filesis covered in more detail in the course Enterprise
DBA Part 1B: Backup and Recovery.
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Planning Online Redo Logs

Online Redo Log Configuration
| C I
Group 1 I Group 2 1 Group 3
— I — I —
w»\/lem ber W : Member: | “Memberw
R |
I I
»\/Iember I
Member: |
I I
1 |
Disk 1 I Disk 2 | Disk 3
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Number of Online Redo Log Files

To determine the appropriate number of online redo log files for a database instance,
you have to test different configurations.

In some cases, a database instance may require only two groups. In other situations, a
database instance may require additional groups to guarantee that the groups are
always availableto LGWR. For example, if messagesin the LGWR tracefile or inthe
ALERT fileindicate that LGWR frequently has to wait for a group because a
checkpoint has not completed or a group has not been archived, you need to add
groups.

Although the Oracle server allows multiplexed groups to contain different numbers of
members, try to build up a symmetric configuration. An asymmetric configuration
should only be the temporary result of an unusual situation such asadisk failure.

Location of Online Redo Log Files

When you multiplex the online redo log files, place members of agroup on different
disks. By doing this, even if one member is not available but other members are
available, the instance does not shut down.

Separate archive log files and online redo log files on different disks to reduce
contention between the ARCn and LGWR background processes.
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Location of Online Redo Log Files (continued)

Data files and online redo log files should be placed on different disks to reduce
LGWR and DBWn contention and reduce the risk of losing both data files and online
redo log filesin the event of mediafailure.

Sizing Online Redo Log Files

The minimum size of an onlineredo log fileis 50 KB and the maximum sizeis
specific to the operating system. Members of different groups can have different sizes;
however, there is no benefit to having different-sized groups.

Different-sized groups should only be required as a temporary result if you want to
change the size of the members of the online redo log groups. In this case, you have to
create new onlineredo log groups with different sizes, and then remove the old groups.

The following situations might influence the configuration of the online redo log files:
* Number of log switches and checkpoints
* Number and amount of redo entries

* Amount of space on the storage medium; for example, on a tape if archiving is

enabled
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Troubleshooting

Possible LGWR Errors

®* One member of a group of two or more is not
available.

* All members of the next group are not available.
* All members of the current group are not available.
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Unavailable Redo Log Members
The LGWR reacts differently when certain online redo log members are unavailable.

* If LGWR can access at least one member in a group, the writing to the accessible
members of the group proceeds as usual; LGWR ignores the unavailable members
of the group. If the group was not active—that is, the checkpoint was completed—
then dropping and adding a new redo log member solves the problem. Otherwise,
you have to first force a log switch.

« If all members of the next group are inaccessible to LGWR at a log switch, the
instance shuts down. If the group was not active, then dropping and adding a new
redo log group solves the problem. If not, the database may need media recovery
from the loss of an online redo log file.

» If all members of the current group suddenly become inaccessible to LGWR as
they are being written, the database instance shuts down. In this case, the database
may need media recovery from the loss of an online redo log file.
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Using LogMiner

Analyzing the Redo Log Files

®* Track changes:
— To the database
— To a specific table
— To a specific user
* Map data access patterns
®* Undo changes to the database

®* Use archived data to perform tuning and capacity
planning
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What Can LogMiner Be Used For?

LogMiner provides a procedure to process the redo log files and translate their
contents into SQL statements that represent the logical operations performed to the
database.

Technical Note
LogMiner runsin Oracle release 8.1 or later.
Redo log files from any release 8.0 or later of the database can be analyzed.
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How to Use LogMiner

* Specify UTL_FILE_DIR
®* Create adictionary file

EXECUTE DBMS_LOGMNR_D.BUILD{815di ct. or a’,
‘ C |ora815\ adni nl v815!\ | 0g’);
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What You Should Do Before Using LogMiner

LogMiner runsin an Oracle instance with the database either mounted or unmounted.
LogMiner usesadictionary file, which is a special file that indicates the database that
created it aswell asthe time the file was created. The dictionary file is not required,
but recommended.

Without a dictionary file, the equivalent SQL statements will use an Oracle internal
object ID for the object name and present column values as hex data.

Creating a Dictionary File

» Specify the initialization parameter UTL_FILE_DIR to specify a directory that is
permitted for PL/SQL file 1/O.

* Execute the DBMS_LOGMNR_D.BUILD procedure to create the dictionary file.
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Specifying Log Files to Be Analyzed

Set up the VSLOGMNR_CONTENTS view:
* |Initialize a new list and specify the first log file.

EXECUTE DBMS_LOGWNR. ADD_LOGHI LE(
‘c:\ora815\oradata\v815\redo0la.log’,
DBMS_LOGMNR.NEW);

* Add additional log files to the list.

EXECUTE DBMS_LOGMNR.ADD_LOGFILE(
‘c:\ora815\oradata\v815\redo02a.log’,
DBMS_LOGMNR.ADDFILE);
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Setting Up the LogMiner Session

Once you have created adictionary file, you can begin analyzing redo logs. The first
step isto specify the log files that you want to analyze, using the
DBMS LOGMNR.ADD_LOGFILE procedure.

Use the following constants:

« DBMS_LOGMNR.NEW creates a new list and specifies the first log file.
« DBMS_LOGMNR.ADDFILE adds additional log files to the list.

« DBMS_LOGMNR.REMOVEFILE removes redo logs from the list.
LogMiner can analyze both online and archived log files.
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Starting to Analyze the Redo Log Files

Initialize a LogMiner session:

EXECUTE DBVMS_LOGMWNR. START L OGWNR(
DI CTFI LENAVE=>
‘c:\ora815\oradata\v815\log\v815dict.ora’);
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Starting a LogMiner Session

Once adictionary file has been created and a list of redo logs has been specified, you
can start LogMiner and begin your analysis. Use the following optionsto narrow down
the search at start time:

Option Description

StartScn The beginning of a system change number (SCN) range

EndScn The termination of an SCN range

StartTime The beginning of atime interval

EndTime The end of atime interval

DictFileName | The name of the dictionary file

Options Use the column map specified in | ogmmr . opt file; thevalueis
USE COLMAP
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Tracking Changes to a Table

View VSLOGMNR_CONTENTS to track changes for
the EMP table:

SELECT tinmestanp, usernane, sql _redo
FROM v$l ogmrmr _cont ent s
WHERE seg_name = ‘EMP’;

TIMESTAMP  USER SQL_REDO

14-APR-99 SYS  update SCOTT.EMP set sal =..
14-APR-99 SYS  update SCOTT.EMP set sal =..
14-APR-99 SYS insertinto SCOTT.EMP(...)...
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Tracking Changes to a Table

View the output by way of the VSLOGMNR_CONTENTS view. Only the session that
performed the analysis can view the log information. Other sessions cannot see the
information. If the results are to be viewed by other sessions, it is useful to store the
information in another table.
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Finishing Analysis of the Redo Log Files

Finish the LogMiner session:

EXECUTE DBMS_LOGWNR. END_LOGWNR;
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Stopping the LogMiner Session

Executethe DBMS LOGMNR.END_LOGMNR procedure to finish the session
analyzing the redo logs.
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Obtaining Information About Logs Being
Analyzed

* V$LOGMNR_DICTIONARY
* V$LOGMNR_PARAMETERS
* V$LOGMNR_CONTENTS
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Viewing the Data Dictionary

Once LogMiner has been started, the following data dictionary views can be used:
View Description

VSLOGMNR_DICTIONARY | Thedictionary filein use
VSLOGMNR_PARAMETERS | Current parameter settings for the LogMiner
VSLOGMNR_CONTENTS The contents of the redo log files being analyzed
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Summary

Summary

In this lesson, you should have learned how to:
* Explain the use of online redo log files

® Obtain log and archive information

® Control log switches and checkpoints

* Multiplex and maintain online redo log files

®* Plan online redo log files

®* Troubleshoot common redo log file problems
®* Analyze online and archived redo logs
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Quick Reference

Context Reference

Initialization parameters LOG_FILES (Obsoletein release 8.1)
LOG_CHECKPOINTS TO _ALERT
UTL_FILE_DIR

Dynamic initialization LOG_CHECKPOINT _TIMEOUT

parameters LOG_CHECKPOINT _INTERVAL

FAST_START |0 _TARGET

Dynamic performanceviews |V$THREAD

V$LOG

VSLOGFILE

V$DATABASE
VSLOGMNR_CONTENTS
VSLOGMNR_DICTIONARY
V$LOGMNR_LOGS
VSLOGMNR_PARAMETERS

Data dictionary views None

Commands ALTER SYSTEM SWITCH LOGFILE

ALTER SYSTEM CHECKPOINT

ARCHIVE LOG LIST

ALTER DATABASE ADD LOGFILE

ALTER DATABASE ADD LOGFILE MEMBER
ALTER DATABASE RENAME FILE

ALTER DATABASE DROP LOGFILE

ALTER DATABASE DROP LOGFILE MEMBER
ALTER DATABASE CLEAR LOGFILE

Packaged procedures and DBMS LOGMNR_D.BUILD
functions DBMS LOGMNR.ADD_LOGFILE
DBMS LOGMNR.START _LOGMNR
DBMS LOGMNR.END _LOGMNR
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Lesson 8: Managing Tablespaces and Data Files

Objectives

Objectives
After completing this lesson, you should be able to
do the following:
®* Describe the logical structure of the database

* Distinguish the different types of temporary
segments

* Create tablespaces

®* Change the size of tablespaces

* Allocate space for temporary segments

®* Change the status of tablespaces

®* Change the storage settings of tablespaces
* Relocate tablespaces
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Overview
Overview
Control
files
Redo log
Data files files
Database
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Overview

A small database might need only the SY STEM tablespace; however, Oracle
recommends that you create additional tablespaces to store user data, user indexes,
rollback segments, and temporary segments separate from data dictionary. This gives
you more flexibility in various database administration operations and reduces
contention among dictionary objects and schema objects for the same datafiles.

The DBA can create new tablespaces, resize datafiles, add data files to tablespaces,
set and alter default segment storage settings for segments created in a tablespace,
make atablespace read-only or read-write, make a tablespace temporary or permanent,
and drop tablespaces.
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Database Storage Hierarchy

Database Storage Hierarchy

I
I
|
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Tablespace I L Data file
AN\ I
Logical | Physical
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Extent !
|
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] OS block

|
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Database Architecture

The Oracle database architecture includes|ogical and physical structures that make up
the database.

» The physical structure includes the control files, online redo log files, and data
files that make up the database.

* The logical structure includes tablespaces, segments, extents, and data blocks.

The Oracle server enables fine-grained control of disk space use through tablespace
and logical storage structures, including segments, extents, and data blocks.

Tablespaces
The data in an Oracle database are stored in tablespaces.

* An Oracle database can be logically grouped into smaller logical areas of space
known as tablespaces.

* Atablespace can belong to only one database at a time.

» Each tablespace consists of one or more operating system files, which are called
data files.
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Tablespaces (continued)
» A tablespace may consist of one or more segments.
» Tablespaces can be brought online while the database is running.

» Except for the SYSTEM tablespace or a tablespace with an active rollback
segment, tablespaces can be taken offline, leaving the database running.

» Tablespaces can be switched between read-write and read-only status.

Data Files

Each tablespace in an Oracle database consists of one or more files called data files.
These are physical structures that conform with the operating system on which the
Oracle server is running.

* A data file can belong to only one tablespace.

* An Oracle server creates a data file for a tablespace by allocating the specified
amount of disk space plus a small amount of overhead.

* The database administrator can change the size of a data file after its creation or
can specify that a data file should dynamically grow as objects in the tablespace
grow.

Segments

A segment is the space allocated for a specific logical storage structure within a
tablespace. For example, all of the storage allocated to a table is a segment.

* Atablespace may consist of one or more segments.

* A segment cannot span tablespaces; however, a segment can span multiple data
files that belong to the same tablespace.

* Each segment is made up of one or more extents.

Extents

Space is allocated to a segment by extents.

* One or more extents make up a segment.
— When a segment is created, it consists of at least one extent.
— As the segment grows, extents are added to the segment.
— The DBA can manually add extents to a segment.

* Anextentis a set of contiguous Oracle blocks.

* An extent may not span a data file, but must exist in one data file.
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Data Blocks

The Oracle server manages the storage space in the datafilesin units called Oracle
blocks or data blocks.

At the finest level of granularity, the data in an Oracle database is stored in data
blocks.

Oracle data blocks are the smallest units of storage that the Oracle server can
allocate, read, or write.

One data block corresponds to one or more operating system blocks allocated from
an existing data file.

Data block size is specified for each Oracle database by the initialization
parameter DB_BLOCK_SIZE when the database is created.

The data block size should be a multiple of the operating system block size to
avoid unnecessary /0.

The maximum data block size is dependent on the operating system.
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SYSTEM and Non-SYSTEM Tablespaces

SYSTEM and Non-SYSTEM Tablespaces

®* SYSTEM tablespace:
— Created with the database
— Contains the data dictionary
— Contains the SYSTEM rollback segment
®* Non-SYSTEM tablespaces:
— Separate segments
— Ease space administration
— Control amount of space allocated to a user
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Types of Tablespaces

The DBA creates tablespaces for increased control and ease of maintenance. The
Oracle server perceives two types of tablespaces. SY STEM and all others.

SYSTEM Tablespace
* Created with the database
* Required in all databases

» Contains the data dictionary, including stored program units

* Contains the SYSTEM rollback segment
* Should not contain user data, although it is allowed

Non-SYSTEM Tablespaces
» Enable more flexibility in database administration

» Separate rollback, temporary, application data, and application index segments

* Separate data by backup requirements
* Separate dynamic and static data
» Control the amount of space allocated to user’s objects
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Creating Tablespaces

Creating Tablespaces

CREATE TABLESPACE app_dat a
DATAFI LE '/ DI SK4/ app_dat a_01. dbf’

SI ZE 100M
'’/ DI SK5/ app data_ 02. dbf’
SI ZE 100M
M NI MUM EXTENT 500K
DEFAULT STORAGE ( | NI TIAL 500K
NEXT 500K

MAXEXTENTS 500
PCTI NCREASE 0);
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CREATE TABLESPACE Command
You create a tablespace with the CREATE TABLESPACE command:
CREATE TABLESPACE t abl espace
DATAFI LE datafil e_cl ause]
[, datafile_clause]...
[M NI MUM EXTENT i nteger[ K| M ]
[ LOGG NG NOLOGA NG
[ DEFAULT st orage_cl ause |
[ ONLI NE| OFFLI NE]
[ PERMANENT| TEMPORARY]
[ ext ent _managenent _cl ause]

where:  tablespace Is the name of the tablespace to be created
DATAFILE specifies the datafile or datafiles that
make up the tablespace

MINIMUM EXTENT ensuresthat every used extent sizeinthe
tablespace is a multiple of the integer.
(UseK or M to specify thissizein
kilobytes or megabytes.)
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CREATE TABLESPACE Command (continued)

LOGGING specifiesthat, by default, all tables,
indexes, and partitions within the
tablespace will have al changes written
to redo (LOGGING is the default.)

NOLOGGING specifiesthat, by default, all tables,
indexes, and partitions within the
tablespace will not have al changes
written to redo (NOLOGGING only
affectssome DML and DDL commands,
for example, direct loads.)

DEFAULT specifies the default storage parameters
for all objects created in the tablespace

ONLINE makes the tablespace available for use
immediately upon creation

OFFLINE makes the tablespace unavailable
immediately after creation

PERMANENT specifies that the tablespace can be used
to hold permanent objects

TEMPORARY specifiesthat the tablespace will only be

used to hold temporary objects; for
example, segmentsused by implicit sorts
caused by an ORDER BY clause
extent_management_clause
specifies how the extents of the
tablespace will be managed (This clause
Is discussed in a subsequent section of
thislesson.)
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CREATE TABLESPACE Command (continued)

datafile _clause :== fil enane
{SI ZE integer[ KM [ REUSE] | REUSE }
[ aut oext end_cl ause ]

where:  filename is the name of a datafile in the tablespace
SIZE specifiesthe size of thefile (UseK or M
to specify the sizein kilobytes or
megabytes.)
REUSE allows the Oracle server to reuse an
existing file
autoextend_clause enables or disables the automatic

extension of the datafile (Thisclauseis
discussed in a subsequent section of this
lesson.)
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How to Use Oracle Enterprise Manager to Create a New Tablespace

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.
3 Select the Tablespaces folder, and choose Create from the right mouse menu.

4 In the General page of the property sheet, enter the name and click ADD to display
the Create Data file property sheet.

&k Create Tablespace - system@db01 E3

General

® Permanent T Termporary

:— Datafiles
Mame | Status | Siza (i

| Add
Remove

Edit

1

® Online [ Read Cnly
T Offling [Nnrmal

5 In the Create Data file property sheet, specify each data file.
6 In the Extents page of the property sheet, enter storage information.
7 Click Create.
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Space Management in Tablespaces

Space Management in Tablespaces

* Dictionary-managed tablespaces:

— Default technique

— Free extents recorded in data dictionary tables
* Locally managed tablespaces:

— Free extents recorded in bitmap

— Each bit corresponds to a block or group of
blocks

— Bit value indicates free or used
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Choosing a Space Management Method

Tablespace extents can be managed with data dictionary tables or bitmaps. When you
create a tablespace, you choose one of these methods of space management. You
cannot alter the method at a later time.

Dictionary-Managed Tablespaces

For atablespace that uses the data dictionary to manage its extents, the Oracle server
updates the appropriate tablesin the data dictionary whenever an extent is alocated or
deall ocated.

Thisisthe default method of space management in a tablespace. It is the only method
available in Oracle release 8.0 and earlier.

Locally Managed Tablespaces

A tablespace that manages its own extents maintains a bitmap in each datafile to keep
track of the free or used status of blocks in that datafile. Each bit in the bitmap
corresponds to a block or a group of blocks. When an extent is alocated or freed for
reuse, the Oracle server changes the bitmap values to show the new status of the
blocks.
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Locally Managed Tablespaces

Locally Managed Tablespaces

CREATE TABLESPACE user dat a
DATAFI LE ' / DI SK2/ user _dat a_01. dbf"’
SI ZE 500M
EXTENT MANAGEMENT LOCAL
UNI FORM SI ZE 10M

®* Reduced recursive space management

®* Reduced contention on data dictionary tables
* No rollback generated

®* No coalescing required
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Syntax
The LOCAL option of the EXTENT MANAGEMENT clause specifies that a
tablespace is to be locally managed.
ext ent _rmanagenent _cl ause : ==
[ EXTENT MANAGEMENT
{ DI CTI ONARY | LOCAL
{ AUTOALLOCATE | UNIFORM[SI ZE integer[KIM] } } ]

where: DICTIONARY specifies that the tablespace is managed using
dictionary tables (Thisisthe default.)
LOCAL specifies that tablespaceislocally
managed with a bitmap

AUTOALLOCATE specifies that the tablespace is system
managed U serscannotspecifyarextentsize.)
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Syntax (continued)

UNIFORM specifies that the tablespace is managed
with uniform extents of SIZE bytes(Use
K or M to specify the extent sizein
kilobytesor megabytes. Thedefault SIZE
Is 1 megabyte. If you specify LOCAL,
you cannot specify DEFAULT
storage_clause, MINIMUM EXTENT,
or TEMPORARY)

The EXTENT MANAGEMENT clause can be used in various CREATE commands:

For a permanent tablespace other than SYSTEM, you can specify EXTENT
MANGEMENT LOCAL in the CREATE TABLESPACE command.

For a temporary tablespace, you can specify EXTENT MANGEMENT LOCAL in

the CREATE TEMPORARY TABLESPACE command.

Advantages of Locally Managed Tablespaces

Locally managed tablespaces have the following advantages over dictionary-managed
tablespaces:

Local management avoids recursive space management operations, which can
occur in dictionary-managed tablespaces if consuming or releasing space in an
extent results in another operation that consumes or releases space in a rollback
segment or data dictionary table.

Because locally managed tablespaces do not record free space in data dictionary
tables, it reduces contention on these tables.

Local management of extents automatically tracks adjacent free space, eliminating
the need to coalesce free extents.

The sizes of extents that are managed locally can be determined automatically by
the system. Alternatively, all extents can have the same size in a locally managed
tablespace.

Changes to the extent bitmaps do not generate rollback information because they
do not update tables in the data dictionary (except for special cases such as
tablespace quota information).
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Temporary Tablespace

Temporary Tablespace

®* Used for sort operations

® Cannot contain any permanent objects

* Locally managed extents recommended
* UNIFORM SIZE = SORT_AREA_SIZE * n

CREATE TEMPCORARY TABLESPACE tenp
TEMPFI LE ’ / Dl SK2/t enp_01. dbf’
S| ZE 500M
EXTENT NMANAGEMENT LOCAL
UNI FORM SI ZE 10M
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Temporary Segments

You can manage space for sort operations more efficiently by designating temporary
tablespaces exclusively for sort segments. No permanent schema objectscanresidein
atemporary tablespace.

Sort, or temporary, segments are used when a segment is shared by multiple sort
operations. Temporary tablespaces provide performance improvements when you
have multiple sorts that are too large to fit into memory. The sort segment of agiven
temporary tablespaceis created at the time of the first sort operation of the instance.
The sort segment expands by allocating extents until the segment size is equal to or
greater than the total storage demands of all of the active sorts running on that
instance.

CREATE TEMPORARY TABLESPACE Command

Although the ALTER/CREATE TABLESPACE.. TEMPORARY command can be

used to create atemporary tablespace, it is recommended that you use the CREATE
TEMPORARY TABLESPACE command.
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CREATE TEMPORARY TABLESPACE Command (continued)

Locally managed temporary tablespaces have temporary datafiles (tempfiles), which
aresimilar to ordinary data files except that:

» Tempfiles are always set to NOLOGGING mode.

* You cannot make a tempfile read-only.

* You cannot rename a tempfile.

* You cannot create a tempfile with the ALTER DATABASE command.

* Media recovery does not recover tempfiles.

» BACKUP CONTROLFILE does not generate any information for tempfiles.
*» CREATE CONTROLFILE cannot specify any information about tempfiles.

To optimize the performance of a sort in a temporary tablespace, set the UNIFORM
SIZE to be a multiple of the parameter SORT_AREA_SIZE.
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Temporary Tablespace

How to Use Oracle Enterprise Manager to Create a Temporary
Tablespace

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.
3 Select the Tablespaces folder, and choose Create from the right mouse menu.

4 In the General page of the property sheet, enter the name and select the
TEMPORARY option button.

&k Create Tablespace - system@db01 E3

General

T Permanent @ Termporary

— Datafiles
Mame | Status | Sizaiit

| Add
Remove

Edit

1

® Online [ Fead Only
" Offling [Nnrmal

5 Click ADD to display the Create Data file property sheet.
6 In the Create Data file property sheet, specify each data file.
7 Click Create.
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Changing the Storage Settings

Changing the Storage Settings

ALTER TABLESPACE app_dat a
M NI MUM EXTENT 2M

ALTER TABLESPACE app_data
DEFAULT STORAGE (
INFTIAL  2M
NEXT 2M
MAXEXTENTS 999 ) ;
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Changing Default Storage Settings
Use the ALTER TABLESPA CE command to alter the default storage definition of a
tablespace.
ALTER TABLESPACE t abl espace
{ M N MUM EXTENT integer[KM
| DEFAULT storage_cl ause }
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Changing the Storage Settings

How to Use Oracle Enterprise Manager to Change the Storage Settings

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.

Expand the Tablespaces folder.

Select the tablespace.

In the Extents page of the property sheet, enter storage information.

g b~ WO N

&% Dracle Storage Manager SYSTEM@db01 [_ (O] =]

File “iew Ohject Tools Help ORACLE
e db0 - system
@ lf}l:lTablespaces

~— Extent Management: © Locally managed

Initial Size: |KEly‘res b4
Nt Sze
Minimum Size:

Increment Size By |0

Minirmum Mumber:(1

Maxitnum Murmhber:
T Unlimited

i alue 9499

Datafiles
Rollback Segments
Reda Log Groups

6 Click Apply.
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Taking Tablespaces Offline or Online

Offline Status

* Offline tablespace not available for data access
®* Some tablespaces must be online:

— SYSTEM

— Tablespaces with active rollback segments
* To take atablespace offline:

|ALTER TABLESPACE app_data OFFLI NE;

®* To bring atablespace online:

|ALTER TABLESPACE app_dat a ONLI NE;
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Taking a Tablespace Offline

A tablespace istypically online so that the data contained within it isavailable to
database users. However, the database administrator might take a tablespace offline to:

* Make a portion of the database unavailable, while allowing normal access to the
remainder of the database

» Perform an offline tablespace backup (although a tablespace can be backed up
while online and in use)

* Recover a tablespace or data file while the database is open

* Move a data file while the database is open

The Offline Status of a Tablespace

When a tablespace goes offline, the Oracle server does not permit any subsequent SQL
statements to reference objects contained in that tablespace. Users trying to access
objects in a tablespace that is offline receive an error.

When a tablespace goes offline or comes back online, the event is recorded in the data
dictionary and in the control file. If a tablespace is offline when you shut down a
database, the tablespace remains offline and will not be checked when the database is
subsequently mounted and reopened.
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The Offline Status of a Tablespace (continued)

The Oracle instance automatically switches a tablespace from online to offline when
certain errors are encountered (for example, when the Database Writer process,
DBWO, failsin severa attemptsto write to adatafile of the tablespace). The different
error situations are covered in more detail in the course Enterprise DBA Part 1B:
Backup and Recovery.

Taking Tablespaces Offline

Whenever the database is open, a database administrator can take any tablespace
offline, except the SY STEM tablespace or any tablespace with active rollback
segments or temporary segments. When atabl espace istaken offline, the Oracle server
takes all the associated data files offline.

ALTER TABLESPACE t abl espace

{ ONLI NE
| OFFLI NE [ NORMAL| TEMPORARY| | MVEDI ATE| FOR RECOVER] }
where: NORMAL flushes all blocksin all datafilesin the tablespace

out of the SGA (Thisisthe default. You need not
perform media recovery on this tablespace before
bringing it back online. Use the NORMAL clause
whenever possible.)

TEMPORARY performs a checkpoint for al online data
filesin the tablespace only (Any offline
files may require mediarecovery.)

IMMEDIATE does not ensure that tablespace files are
available and does not perform a
checkpoint (You must perform media
recovery on the tabl espace before bringing
it back online.)

FOR RECOVER takes tablespaces offline for tablespace
point-in-time recovery
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How to Use Oracle Enterprise Manager to Take a Tablespace Offline

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.
Expand the Tablespaces folder.
Select the tablespace.
Select Take Offline—ode.
&% Oracle Storage Manager 5YSTEM @db1

ect Tools Help ORACLE
o dhion - systerm
@ lf—)-ClTahlespaces

g b~ WO N

Extents

Extent Management: © Locally managed

m Initial Size: |20 [KBytes -
s
Ecit...

Remove M Bytes i
Showy Dependencies { Sl E8 |D E
Add Dataile... Number:|1

Add Rollback Segment... Mumber:

d
Place Snline

S5 TEM IR |

E3 Diatafiles Make Resd-Only Tempoarary
Rollback  MEREVHTERE Immediate

g

For Recover

Redo Lo Backup Management

el

6 Click Yes in the dialog box.
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Read-Only Tablespaces

Read-Only Tablespaces

ALTER TABLESPACE app_data READ ONLY;

®* Tablespace only available for read operations
®* Objects can be dropped from tablespace

®* To create aread-only tablespace on a WORM
drive:

— ALTER TABLESPACE...READ ONLY;
— Move the data file to the WORM drive
— ALTER TABLESPACE...RENAME DATAFILE...;
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The ALTER TABLESPACE...READ ONLY Command

Making tablespaces read-only prevents further write operations on the datafilesin the
tablespace. Therefore, the data files can reside on read-only media, such as CD-ROMs
or write-once (WORM) drives. Read-only tablespaces eliminate the need to perform
backups of large, static portions of a database. Usethe ALTER TABLESPACE SQL
command to change atablespace to read-only or read-write.

ALTER TABLESPACE t abl espace READ [ONLY | WRI TE]
To create aread-only tablespace on a write-once device:
1 Issuethe command ALTER TABLESPACE...READ ONLY.

2 Use an operating system command to move the data files of the tablespace to the
read-only device.

3 Issuethe command ALTER TABLESPACE...RENAME DATAFILE.
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How to Use Oracle Enterprise Manager to Make a Tablespace Read-Only

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.

Expand the Tablespaces folder.

Select the tablespace.

Select Make Read-Only from the right mouse menu.
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6 Click OK.
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Making a Tablespace Read-Only

®* The tablespace must be online.

* Inreleases prior to Oracle8i, no active transactions
are allowed.

®* Oracle8i allows current transactions to complete.

®* The tablespace must not contain active rollback
segments.

®* The tablespace must not currently be involved in
an online backup.
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Making Tablespaces Read-Only

In Oracle8i, the ALTER TABLESPACE ... READ ONLY command places the
tablespace in atransitional read-only mode. This transitional state does not allow any
further write operations to the tablespace except for the rollback of existing
transactions that previously modified blocksin the tablespace. After all of the existing
transactions have either committed or rolled back, the ALTER TABLESPACE ...
READ ONLY command completes and the tablespace is placed in read-only mode.

For releases prior to Oracle8i, it is recommended that the DBA start the instancein
restricted mode when making a tablespace read-only, because a tablespace cannot be
made read-only when there are active transactions.

You can drop items, such as tables and indexes, from a read-only tablespace, because
these commands only affect the data dictionary. Thisis possible because the DROP
command only updates the data dictionary, not the physical files that make up the
tablespace. For locally managed tablespaces, the dropped segment is changed to a
temporary segment, to prevent the bitmap from being updated.

To make aread-only tablespace writable, all of the datafilesin the tablespace must be
online.

Making tablespaces read-only will cause a checkpoint on the data files of the
tablespace.
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Dropping Tablespaces

Dropping Tablespaces

®* Tablespace removed from data dictionary
* Optionally, contents removed from data dictionary
* OSfiles not deleted

DROP TABLESPACE app_data | NCLUDI NG CONTENTS;
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DROP TABLESPACE Command
You can remove a tablespace from the database when the tablespace and its contents
are no longer required with the following DROP TABLESPACE SQL command:
DROP TABLESPACE t abl espace
[ 1 NCLUDI NG CONTENTS [ CASCADE CONSTRAI NTS] ]
where: tablespace specifies the name of the tablespace to be dropped
INCLUDING CONTENTS
drops all the segments in the tablespace
CASCADE CONSTRAINTS

dropsreferential integrity constraintsfrom
tables outside the tablespace that refer to
primary and uniquekeysin thetablesinthe
dropped tablespace
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Guidelines

A tablespace that still contains data cannot be dropped without the INCLUDING
CONTENTS option. This option may generate a lot of rollback when the
tablespace contains many objects.

Once a tablespace has been dropped, its data is no longer in the database.

When a tablespace is dropped, only the file pointers in the control file of the
associated database are dropped. The operating system files still exist and must be
deleted explicitly using the appropriate operating system command.

Even if a tablespace is switched to read-only it can still be dropped, along with
segments within it.

It is recommended that you take the tablespace offline before dropping it to ensure
that no transactions access any of the segments in the tablespace.
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How to Use Oracle Enterprise Manager to Drop a Tablespace

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.
3 Expand the Tablespaces folder and select the tablespace.
4 Select Remove from the right mouse menu.

&% Oracle Storage Manager 5YSTEM @db1

ect Tools Help ORACLE
o dhion - systerm
@ lf—)-ClTahlespaces

Extents

Extent Management: © Locally managed

\ Initial Size: |ED |K Bytes -
r Mavt Qg |2[|
= Create..

Ediit...

Remave

g

Shovy Dependencies

Acldd Datafile. .
Add Rollback Segment...

Mumber:

g1 TEN Flace e
Take Offline

E3 Datafile
Make Read-Cnly
RolbAC | e inpiable
RedaL

Backup Management

Finl..

D)

5 Click Yes in the dialog box to confirm.
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Resizing a Tablespace

Resizing a Tablespace

®* Change the size of a datafile:
— Automatically
— Manually

* Add adatafile

Tablespace APP_DATA

100M 100M
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pp_dat a_03. dbf
app_dat a_01. dbf app_dat a_02. dbf W 200M

Increasing the Tablespace Size

You can enlarge a tablespace in two ways:
* Change the size of a data file, either automatically or manually

* Add a data file to a tablespace
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Enabling Automatic Resizing of Data Files

Enabling Automatic Extension
of Data Files

ALTER TABLESPACE app_dat a
ADD DATAFI LE '/ DI SK6/ app_dat a_04. dbf’
SI ZE 200M
AUTCEXTEND ON
NEXT 10M
MAXSI ZE 500M

Tablespace APP_DATA

app_dat a_01. dbf app_dat a_02. dbf app_dat a_03. dbf pp_dat a_04. db
100M 100M 200M 200M
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Specifying AUTOEXTEND for a New Data File
The AUTOEXTEND clause enables or disables the automatic extension of datafiles.
When adatafileis created, the following SQL commands can be used to enable
automatic extension of the datafile:
» CREATE DATABASE
» CREATE TABLESPACE ... DATAFILE
» ALTER TABLESPACE ... ADD DATAFILE
Use the ALTER TABLESPACE command to add a data file with automatic extension
enabled.
ALTER TABLESPACE t abl espace
ADD DATAFI LE  fil espec [autoextend_cl ause]
[, filespec [autoextend_clause]]...
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Specifying AUTOEXTEND for a New Data File (continued)

aut oextend_cl ause : == [ AUTOEXTEND { OFF| ON[ NEXT integer[ K M]
[MAXSI ZE UNLIM TED | integer[KIM] } ]

where: AUTOEXTEND OFF disablesthe automatic extension of the datafile

AUTOEXTEND ON  enables the automatic extension of the
datafile

NEXT specifiesthe disk spaceto allocateto the
data file when more extents are required

MAXSIZE specifies the maximum disk space
allowed for alocation to the data file

UNLIMITED sets no limit on allocating disk space to
the datafile

Specifying AUTOEXTEND for an Existing Data File
Use the SQL command ALTER DATABA SE to enable or disable automatic file
extension for existing data files.
ALTER DATABASE [ dat abase]
DATAFI LE "filename’ [, 'filenanme’']... autoextend_cl ause
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How to Use Oracle Enterprise Manager to Enable Automatic Resizing

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.
Expand the Data files folder.
Select the data file.

In the Auto Extend tab of the property sheet, select the Enable Auto Extend check
box.
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6 Click Apply.
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Manually Resizing Data Files

Changing the Size of Data Files Manually

ALTER DATABASE
DATAFI LE ’ / DI SK5/ app_dat a_02. dbf’
RESI ZE 200M

Tablespace APP_DATA

app_dat a_01. dbf app_dat a_02. dbf app_dat a_03. dbf app_dat a_04. dbf
M 100M 200M

=
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The ALTER DATABASE DATAFILE RESIZE Command

Instead of adding space to the database by adding data files, the DBA can change the
size of adatafile. Usethe ALTER DATABASE command to manually increase or
decrease the size of adatafile.
ALTER DATABASE [ dat abase]

DATAFI LE "filename’ [, "filenanme’']. ..

RESI ZE i nteger[ K| M
where: integer isthe absolute size, in bytes, of the resulting data file
If there are database objects stored above the specified size, then the datafile sizeis
decreased only to the last block of the last objects in the datafile.
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Adding Data Files to a Tablespace

Adding Data Files to a Tablespace

ALTER TABLESPACE app_dat a
ADD DATAFI LE '/ DI SK5/ app_dat a_03. dbf’
S| ZE 200M

Tablespace APP_DATA

app_dat a_01. dbf app_dat a_02. dbf pp_dat a_03. dbl
100M 100M 200M
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Using the ALTER TABLESPACE ADD DATAFILE Command
You can add data files to a tablespace to increase the total amount of disk space
allocated for the tablespace with the ALTER TABLESPACE ADD DATAFILE
command.
ALTER TABLESPACE t abl espace
ADD DATAFI LE  fil espec [autoextend_cl ause]
[, filespec [autoextend_clause]]...

8-34 Enterprise DBA Part 1A: Architecture and Administration



Adding Data Files to a Tablespace

How to Use Oracle Enterprise Manager to Add a Data File

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.
3 Expand the Tablespaces folder.
4 Select Tablespace—>Add Datafile.
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5 In the General page of the property sheet, enter the file information.
6 Click Create.
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Moving Data Files

Moving Data Files:
ALTER TABLESPACE

®* The tablespace must be offline.
®* The target data files must exist.

ALTER TABLESPACE app_dat a

RENANMVE
DATAFI LE '/ Dl SK4/ app_dat a_01. dbf’
TO '/ DI SK5/ app_dat a_01. dbf " ;
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Methods for Moving Data Files

Depending on the type of tablespace, the database administrator can move data files
using one of two methods: the ALTER TABLESPACE command or the ALTER
DATABASE command.

Using the ALTER TABLESPACE Command

The following ALTER TABLESPA CE command is applied only to datafilesin anon-
SY STEM tablespace that does not contain active rollback or temporary segments:

ALTER TABESPACE t abl espace
RENAME DATAFILE 'filename’ [, "filenane']...
TO 'filename’' [, 'filenanme’]...

Use the following process to rename a datafile:

1 Take the tablespace offline.

2 Use an operating system command to move or copy the files.

3 Executethe ALTER TABLESPACE RENAME DATAFILE command.

4 Bring the tablespace online.

5 Use an operating system command to delete the file if necessary.
The source filenames must match the names stored in the control file.
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Moving Data Files:
ALTER DATABASE

* The database must be mounted.
®* The target data file must exist.

ALTER DATABASE
RENAMVE Fl LE '/ DI SK1/ system 01. dbf’
TO '/ Dl SK2/ system 01. dbf’ ;
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Using the ALTER DATABASE Command

The ALTER DATABASE command (see the lesson “Maintaining Redo Log Files”)
can be used to move any type of data file.
ALTER DATABASE [ dat abase]
RENAME FILE 'filename’'[, "filenane']...
TO 'filename’' [, 'filenanme’]...

Because the SYSTEM tablespace cannot be taken offline, you must use this method to
move data files in the SYSTEM tablespace.

Use the following process to rename files in tablespaces that cannot be taken offline:
1 Shut down the database.

2 Use an operating system command to move the files.

3 Mount the database.

4 Execute the ALTER DATABASE RENAME FILE command.

5 Open the database.
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How to Use Oracle Enterprise Manager to Add a Data File

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.

Expand the Tablespaces folder and select the data file.

In the General page of the property sheet, update the file information.
Click Apply.

Note

» These commands verify that the file exists in the new location; they do not create
or move files.

» Always provide complete filenames (including their paths) to identify the old and
new data files.

ga b~ W N
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Data Dictionary Information

Obtaining Tablespace Information

®* Tablespace information:
— DBA_TABLESPACES
— VS$TABLESPACE

* Data file information:
— DBA_DATA FILES
— VS$DATAFILE

* Tempfile information:
— DBA_TEMP_FILES
— V$TEMPFILE
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Joining Data Dictionary Views

The performance views are built from information in the control file. To join
VS$TABLESPACE with VSDATAFILEE or VSTEMPFILE, join the views on the
column T S# (tablespace number).

To join the data dictionary views on tablespaces with the views on data files, join the
tables on the tablespace name.
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Guidelines

Guidelines

* Use multiple tablespaces

* Specify default storage parameters for
tablespaces

* Assign tablespace quotas to users

® Include directory path in filenames

* Use MINIMUM EXTENTS

®* Use locally managed extents

®* (Can have 1023 data files per tablespace
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Use Multiple Tablespaces
Use multiple tablespaces for more flexibility when performing database operations.

Separate user data from data dictionary data.
Separate data segments from index segments
Separate application data from each other.

Store the data files of different tablespaces on separate disk drives to reduce 1/O
contention.

Separate the rollback segment from data segments, to prevent a single disk failure
from causing permanent loss of data.

Take individual tablespaces offline while others remain online.

Reserve tablespaces for a particular type of database use, such as high-update
activity, read-only activity, or temporary segment storage.

Back up individual tablespaces.

Specify Storage Parameters for the Tablespace

Specify default storage parameters for a tablespace to account for the size of a typical
object that will be created in the tablespace.
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Assign Tablespace Quotas to Users
Assign tablespace quotas, as necessary, to database users.

Include the Directory Path in Filenames

If you create or rename data files, specify the full filenames; otherwise the Oracle
server creates the data filesin the default directory of the database server.

Use MINIMUM EXTENTS to Control Fragmentation

With the setting of the MINIMUM EXTENT option, the DBA controls the
fragmentation in the tablespace. This option can only be specified for atablespace, not
for the storage of individual objects.

Limits
The maximum number of tablespaces per database is 64 KB.

The operating system-specific limit on the maximum number of datafilesalowedina
tablespaceis typically 1023 files, however, this number varies by operating system.
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Summary

Summary

In this lesson, you should have learned how to:
®* Usetablespaces to separate data
®* Resize tablespaces by:
— Adding data files
— Extending data files
®* Use locally managed tablespaces
®* Usetemporary tablespaces
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Quick Reference

Summary

Context Reference

Initialization parameters DB_FILES

Dynamic performanceviews |V$DATAFILE
V$TEMPFILE
V$TABLESPACE

Data dictionary views

DBA_DATA_FILES
DBA_TABLESPACES
DBA_TEMP FILES

Commands

CREATE TABLESPACE ... DATAFILE ...

DEFAULT STORAGE...MINIMUM EXTENT

CREATE TEMPORARY TABLESPACE

CREATE TABLESPACE ... DATAFILE AUTOEXTEND

ALTER TABLESPACE ... ADD DATAFILE ...
AUTOEXTEND

ALTER DATABASE DATAFILE ... RESIZE
ALTER TABLESPACE...DEFAULT STORAGE...
MINIMUM EXTENT

ALTER TABLESPACE ... RENAME DATAFILE...
ALTER DATABASE RENAME FILE...

ALTER TABLESPACE ... READ ONLY

ALTER TABLESPACE ... READ WRITE

ALTER TABLESPACE ... OFFLINE

DROP TABLESPACE

Packaged procedures and
functions

None
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Lesson 9: Storage Structure and Relationships

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

®* Describe the logical structure of the database
* Listthe segment types and their uses
* List the keywords that control block space usage

® Obtain information about storage structures from
the data dictionary

* List the criteria for separating segments

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

9-2 Enterprise DBA Part 1A: Architecture and Administration



Overview

Overview

Overview
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|
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Database Architecture

The previous lesson discussed the storage structure of a database, its tablespaces, and
its data files. Thislesson continues the discussion of database storage by examining
segments, extents, and data bl ocks.

Note: The commands and guidelines to manage the different types of segments are
discussed in detail in the course Oracle8 for Devel opers.
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Types of Segments

Types of Segments
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Table Table
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Cluster Index
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Segments

Segments are space-occupying objects in a database. They use space in the data files
of adatabase. This section describes the different types of segments.

Table

A table is the most common means of storing data within a database. A table segment
stores that data for a table that is neither clustered nor partitioned. Data within a table
segment is stored in no particular order, and the database administrator has very little
control over the location of rows within the blocks in atable. All the datain atable
segment must be stored in one tablespace.

Table Partition

Scalability and availability are major concerns when there is atable in a database with
high concurrent usage. In such cases, data within atable may be stored in several
partitions, each of which resides in a different tablespace. The Oracle server currently
supports partitioning by arange of key values or by a hashing algorithm. If atableis
partitioned, each partition is a segment and storage parameters can be specified to
control them independently. Use of this type of segment requires the Partitioning
option within the Oracle8i Enterprise Edition.
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Cluster

A cluster, like atable, isatype of data segment. Rows in a cluster are stored based on
key column values. A cluster may contain one or more tables. Tablesin a cluster
belong to the same segment and share the same storage characteristics. Therowsin a
clustered table can be accessed with an index or hashing algorithm.

Index

All theentriesfor aparticular index are stored within one index segment. If atable has
three indexes, three index segments are used. The purpose of this segment isto look up
the location of rows in atable based on a specified key.

Enterprise DBA Part 1A: Architecture and Administration 9-5



Lesson 9: Storage Structure and Relationships

Types of Segments
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Index-Organized Table

In an index-organized table, datais stored within the index based on the key value. An
Index-organized table does not need a table |lookup, because all the data can be
retrieved directly from the index tree.

Index Partition

Anindex can be partitioned and spread across severa tablespaces. In this case, each
partition in the index corresponds to a segment and cannot span multiple tablespaces.
The primary use of a partitioned index is to minimize contention by spreading index
1/O. Use of thistype of segment requires the Partitioning option within the Oracle8i
Enterprise Edition.

Rollback Segment

A rollback segment is used by a transaction that is making changes to a database.
Before changing the data or index blocks, the old value is stored in the rollback
segment. This alows a user to undo changes made.

Temporary Segment

When auser executes commands such as CREATE INDEX, SELECT DISTINCT, and
SELECT GROUPBY, the Oracle server triesto perform sortsin memory. When a sort
needs more space than the space available in memory, intermediate results are written
to the disk. Temporary segments are used to store these intermediate results.

9-6 Enterprise DBA Part 1A: Architecture and Administration



Types of Segments

Types of Segments
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LOB Segment

One or more columns in a table can be used to store large objects (LOBS) such as text
documents, images, or videos. If the columnislarge, the Oracle server stores these
values in separate segments known as LOB segments. The table only contains a
locator or a pointer to the location of the corresponding LOB data.

LOB Index

An LOB index segment is created implicitly when an LOB segment is created. The
LOB index is used to look up specific LOB column values.

Nested Table

A column in atable may be made up of a user-defined table, as in the case of items
within an order. In such cases, the inner table, which is known as a nested table, is
stored as a separate segment. Using nested tables requires the Objects option of the
Oracle8i Enterprise Edition.

Bootstrap Segment

A bootstrap segment, also known as a cache segment, is created by thesql . bsq script
when a database is created. This segment helps to initialize the data dictionary cache
when the database is opened by an instance.

The bootstrap segment cannot be queried or updated and does not require any
maintenance by the database administrator.
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Storage Clause Precedence

Storage Clause Precedence

Oracle default

Tablespace

Segment
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Storage Parameters

A storage clause can be specified at the segment level to control how extents are
allocated to a segment.

Any storage parameter specified at the segment level overrides the corresponding
option set at the tablespace level, except for the MINIMUM EXTENT or
UNIFORM SIZE tablespace parameter.

When storage parameters are not set explicitly at the segment level, they default to
those at the tablespace level.

When storage parameters are not set explicitly at the tablespace level, the Oracle
server system defaults are used.

Other Considerations

If storage parameters are altered, the new options apply only to the extents not yet
allocated.

Some parameters cannot be specified at the tablespace level. These parameters
need to be specified at the segment level only.

If minimum extent size has been specified for the tablespace, this size will apply to
all extents that are allocated for segments in the tablespace in the future.
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Extent Allocation and Deallocation

Extent Allocation and Deallocation

* Allocated when the segment is:
— Created
— Extended
— Altered
®* Deallocated when the segment is:
— Dropped
— Altered
— Truncated
— Automatically resized (rollback segments only)
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Resizing Rollback Segments

Resizing of rollback segments is discussed in detail in the lesson “Managing Rollback
Segments.”
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Used and Free Extents

Used and Free Extents

Data file

|:| File header |:| Used extent |:| Free extent
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Extents

When atablespace is created, the datafiles in the tablespace contain the following
elements:

* A header block, which is the first block in the file

* One free extent consisting of the remaining part of the data file

As segments are created, they are allocated space from the free extents in a tablespace.
Contiguous space used by a segment is referred tasad extent. When segments

release space, the extents that are released are added to the pool of free extents
available in the tablespace. Frequent allocation and deallocation of extents could lead
to fragmentation of space within data files in a tablespace.
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Using Block Space Utilization Parameters

Database Block: Review

®* Minimum unit of I/O

®* Consists of one or more OS blocks
* Setby DB_BLOCK_SIZE

® Set at database creation

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG
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Database Block Contents

e Header

< ~f—— Free space

-~ Data

/.

K

Data Blocks

Oracle data blocks contain:

* Block header: The header contains the data block address, table directory, row
directory, and transaction slots that are used when transactions make changes to
rows in the block. Block headers grow from the top down.

» Data space: Row data is inserted into the block from the bottom up.

* Free space: The free space in a block is in the middle of the block, allowing both
the header and the row data space to grow when necessary. The free space in a
block is contiguous, initially. However, deletions and updates may fragment the
free space in the block. The free space in the block is coalesced by the Oracle
server when necessary.

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG
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Block Space
Utilization Parameters

INITRANS
ﬁﬁi::::: MAXTRANS

PCTFREE

PCTUSED
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Block Space Utilization Parameters

Block space utilization parameters can be used to control the use of space in data and
index segments.

Parameters Controlling Concurrency

INITRANS and MAXTRANS specify theinitial and the maximum number of
transaction dots, which are created in an index or a data block. The transaction slots
are used to store information about transactions that are making changes to the block
at apointintime. A transaction only uses one transaction slot, evenif it is changing
more than one row or index entry.

INITRANS, which defaults to 1 for a data segment and 2 for an index segment,
guarantees a minimum level of concurrency. For example, if set to 3, INITRANS
ensures that at least three transactions can concurrently make changes to the block. If
necessary, additional transaction slots can be allocated from the free space in the block
to permit more concurrent transactions to modify rows in the block.

MAXTRANS, which has a default value of 255, sets the limit for the number of
concurrent transactions that can make changes to a data or an index block. When set,
thisvalue restricts use of space for transaction slots and therefore guarantees that there
Is sufficient space in the block for use by row or index data.
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Parameters Controlling the Use of Data Space

PCTFREE for a data segment specifies the percentage of space in each data block
reserved for growth resulting from updates to rows in the block. The default for
PCTFREE is 10 percent.

PCTUSED for a data segment represents the minimum percentage of used space that
the Oracle server triesto maintain for each data block of the table. A block is put back
on thefreelist when its used space fallsbelow PCTUSED. Thefreelist of asegment is
alist of blocks that are candidates for accommodating future inserts. A segment, by
default, is created with one free list. Segments can be created with a higher number of
free lists by setting the FREELISTS parameter of the storage clause. The default for
PCTUSED is 40 percent.

Both PCTFREE and PCTUSED are calculated as percentages of available data space;
that is, the block space that remains after deducting the header space from the total
block size.

Block space utilization parameters can only be specified for segments and cannot be
set at the tablespace level.

Note: The use of these parameters for indexesis discussed in detail in the lesson
“Managing Indexes.”

Specifying FREELISTS is discussed in detail in the colrderprise DBA Part 2:
Performance and Tuning.
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Block Space Usage

PCTFREE=20 PCTUSED=40

- -@®

‘ 80% — | /
% 20% Inserts
3> -®
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Block Space Usage

The following steps explain how space within a block is managed for a data segment
with PCTFREE=20 and PCTUSED=40:

1 Rowsareinserted into the block until the free spacein the block is equal to or less

than 20%. The block isno longer available for inserts when rows occupy 80% (100
-PCTFREE) or more of the available data space in the block.

2 Theremaining 20% can be used when the size of arow increases. For example, a
column that was originally NULL is updated to be assigned avalue. Thus, block
utilization may be in excess of 80% as aresult of updates.

3 If rowsare deleted in the block or if rows decrease in size as aresult of updates,
block utilization may fall below 80%. However, ablock isnot used for inserts until
the utilization falls below PCTUSED, which in this example is 40%.

4 When the utilization falls below PCTUSED, the block is available for inserts. As
rows are inserted into the block, the utilization of the block increases and the cycle
repeats starting with step 1.

Note: Guidelinesfor setting PCTFREE and PCTUSED are discussed in the lessons on
tables and indexes, “Managing Tables” and “Managing Indexes,” respectively.
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Obtaining Information About Storage Structures

Data Dictionary Views

Used extents ’ ‘ Free extents

DBA_EXTENTS DBA_FREE_SPACE
N

Y

Segments | | Data files

DBA_SEGMENTS DBA_DATA_FILES

Y Y

Tablespaces
DBA_TABLESPACES
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Querying the Data Dictionary

The relationships between tablespaces, data files, segments, and free and used extents
can be viewed by querying the data dictionary.

When atablespace with one or morefilesis created, arow is added to
DBA_TABLESPACES. For each file in the database, arow is added to
DBA_DATA_FILES. At this stage, the space in each data file, excluding the file
header, shows up as one free extent in DBA_FREE_SPACE.

When asegment is created, arow isvisiblein DBA_SEGMENTS. The space
allocated to the extents in this segment can be viewed from DBA_EXTENTS, while
DBA_FREE_SPACE is adjusted to show lower free space in the files where the
extents have been created for the segment.

All the space in afile (excluding the header block) must be accounted for in either
DBA_FREE_SPACE or DBA_EXTENTS.
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Querying DBA_SEGMENTS

Querying DBA_SEGMENTS

* General information * Storage settings
— OWNER — INITIAL_EXTENT
— SEGMENT_NAME — NEXT_EXTENT
— SEGMENT_TYPE — MIN_EXTENTS
— TABLESPACE_NAME — MAX_EXTENTS
* Size — PCT_INCREASE
— EXTENTS * Other information
— BLOCKS — Location
— BYTES — Tuning
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DBA_SEGMENTS

Query the DBA_SEGMENTS view to get the number of extents and blocks allocated
to a segment.

SQ > SELECT segnent _nane, t abl espace_nane, ext ent s, bl ocks
2 FROMdba_segnents
3 WHERE owner =" SCOIT ;

SEGVENT_NAME TABLESPACE_NAME EXTENTS BLOCKS
EMP DATAO1 5 55
DEPT DATAO1 1 5
BONUS DATAO1 1 5
SALGRADE DATAO1 1 5

5 rows sel ect ed.
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Querying DBA_EXTENTS

Querying DBA_EXTENTS

¢ Identification * Location
— OWNER — TABLESPACE_NAME
— SEGMENT_NAME — RELATIVE_FNO
— EXTENT_ID — FILE_ID
* Size — BLOCK_ID
— BLOCKS
— BYTES
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DBA_EXTENTS
Usethe DBA_EXTENTS view to check the extents for a given segment.

SQ@ > SELECT extent_id,file_id,block_id,blocks
2 FROMdba extents
3 WHERE owner =" SCOTT
4 AND segnent _name=" EMP ;

EXTENT_ID FILE_ID BLOCK_I D BLOCKS
0 4 2 5
1 4 27 5
2 4 32 10
3 4 42 15
4 4 57 20

5 rows sel ect ed.
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Querying DBA_FREE_SPACE

Querying DBA_FREE_SPACE

®* Location

— TABLESPACE_NAME
RELATIVE_FNO
FILE_ID
BLOCK_ID
* Size

— BYTES

— BLOCKS
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DBA_FREE_SPACE
Use the DBA_FREE_SPACE view to check the extents for a given segment.

SQL> SELECT tabl espace_nane, count(*),
2 max( bl ocks), sum(bl ocks)
3 FROM dba_free_space
4 GROUP BY tabl espace_nane;

TABLESPACE_NAVE COUNT( *) MAX(BLOCKS ~ SUM BLOCKS
DATAO1 2 1284 1533
RBS 3 2329 2419
SORT 1 1023 1023
SYSTEM 1 5626 5626
TEMP 1 2431 2431

5 rows sel ected.
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Planning the Location of Segments

Organizing Tablespaces Based on
Fragmentation Propensity

Tablespace Usage Fragmentation
SYSTEM Data dictionary Zero
TOOLS Applications Very low
DATA, Data segments Low
INDEX, Index segments Low

RBS, Rollback segments High
TEMP,, Temporary segments Very high*

* Relevant only if tablespace PERMANENT
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Fragmentation

Different types of segments have varying propensities for fragmentation. It is
recommended that segments be placed in different tablespaces in order to minimize
the waste of space.

Types of Objects and Fragmentation

The recommended structure for the tablespaces, their uses, and their fragmentation

propensities are shown in the table. The following are the different types of objects

listed in increasing order of fragmentation propensity:

» Data dictionary objects, with the exception of the audit table, are never dropped or
truncated, and therefore are not likely to fragment the tablespace.

* Space used for repositories of applications such as Oracle Enterprise Manager and
Oracle Designer are only deallocated while reorganizing these structures. Since
these tables are seldom reorganized, these objects have a very low propensity for
fragmentation.

» Data and index segments used for user-written applications may need to be
reorganized more frequently than repositories. They have a higher propensity for
fragmentation than application repositories.
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Types of Objects and Fragmentation (continued)

* Because rollback segments can deallocate extents automatically, they are likely to
cause fragmentation in a system with high update activity.

* Temporary segments in permanent tablespaces can release space quite frequently,
and therefore they must be located in separate tablespaces.

Influence of Segment Life Span

Segments may have different life spans in a database. For example, in a project-based
environment, such as in a software development company, all data relating to an
application may need to be purged when the development of the system is complete.
Using a separate set of tablespaces for locating these segments may help during
cleanup. At the end of the project, the entire tablespace can be backed up and dropped
to provide space for other applications using the database.

Other Criteria for Organizing Tablespaces

The DBA may also want to separate tablespaces to:

» Control space allocation and assign space usage limits to users

« Control availability of data by taking individual tablespaces online or offline

» Distribute data storage across devices to improve 1/0O performance and to reduce
contention against a single disk

» Perform partial backup and partial recovery operations
» Keep large amounts of static data on read-only devices
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Summary

Summary

In this lesson, you should have learned how to:
®* Use tablespaces to:
— Separate segments to ease administration
— Control users’ space allocation

* Categorize segments by the type of information
stored in the segment

* Determine extent sizes using the storage clause
* Control block space utilization
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Quick Reference

Context Reference
Initialization parameters DB_BLOCK_SIZE
Dynamic performance views None

Data dictionary views DBA_TABLESPACES

DBA_DATA_FILES
DBA_SEGMENTS
DBA_EXTENTS
DBA_FREE_SPACE
DBA_FREE_SPACE_COALESCED
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Lesson 10: Managing Rollback Segments

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Create rollback segments using appropriate
storage settings

®* Maintain rollback segments
* Plan the number and size of rollback segments

® Obtain rollback segment information from the data
dictionary

®* Troubleshoot common rollback segment problems
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Overview

Rollback Segment
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New
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Rollback segment

Update transaction
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Lesson Overview

A rollback segment is used to save the old value when a process changes datain a
database. It stores the location of the data and the data as it existed before being
modified.

The header of arollback segment contains atransaction table where information about
the current transactions using the rollback segment is stored.

A transaction can use only one rollback segment to store all of its rollback (undo)
records.

Many concurrent transactions can write to one rollback segment.
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Rollback Segments

Rollback Segments: Purpose

‘ Transaction rollback

Transaction Rollback segment  Read consistency
recovery
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Transaction Rollback

When atransaction changes arow in atable, the old image is saved in the rollback
segment. If the transaction is rolled back, the Oracle server restores the original value
by writing the value in the rollback segment back to the row.

Transaction Recovery

If the instance fails while transactions are in progress, the Oracle server needs to roll
back any uncommitted changes when the database is opened again. Thisrollback is

part of transaction recovery. Recovery is only possible because changes made to the
rollback segment are also protected by the redo log files.

Read Consistency

While transactions are in progress, other users in the database should not see any
uncommitted changes made by these transactions. In addition, a statement should not
see any changes that are committed after the statement begins execution. The old
valuesin the rollback segments are also used to provide the readers a consistent image
for agiven statement.
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Read Consistency
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Read Consistency (continued)

The Oracle server guarantees that a statement sees data from a consistent time, even if
that datais modified by other transactions.

When the Oracle server begins executing a SELECT statement, it determines the
current system change number (SCN) and ensures that any changes not committed
before this SCN are not processed by the statement. Consider the case where a long-
running query is executed at atime when severa changes are being made. If a block
has changes that were not committed at the start of the query, the Oracle server
constructs a read-consistent image of the block by retrieving the before-image of the
changes from the rollback segment and applying the changes to a copy of the block in
memory.

Transaction Read Consistency

Read consistency is always provided for a SQL statement. However, you can request
read consistency for aread-only transaction by issuing the following command at the
beginning of the transaction:

SET TRANSACTI ON READ ONLY;
Or, you can request read consistency for atransaction performing DML by issuing the
following command at the beginning of the transaction:

SET TRANSACTI ON SERI ALI ZABLE;

In either case, the Oracle server provides datathat is read consistent from the start of
the transaction. Using SERIALIZABLE can have a negative impact on performance.
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Types of Rollback Segments

®* SYSTEM: Used for objects in the SYSTEM
tablespace

®* Non-SYSTEM: Used for objects in other
tablespaces

— Private: Acquired by a single instance
— Public: Acquired by any instance

* Deferred: Used when tablespaces are taken offline
with the immediate option
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SYSTEM Rollback Segment

The SY STEM rollback segment is created in the SY STEM tablespace when a
database is created. This rollback segment can only be used for changes made to
objectsin the SYSTEM tablespace.

Non-SYSTEM Rollback Segments

A database that has multiple tablespaces needs at least one non-SY STEM rollback
segment. A non-SY STEM rollback segment, which is created by the database
administrator, can be used for changes made to objectsin any non-SY STEM
tablespace. There are two types of non-SY STEM rollback segments.

Private Private rollback segments are segments that are brought online by an
instance because they are listed in the parameter file. However, they can be brought
online explicitly by issuing an ALTER ROLLBACK SEGMENT command.
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Rollback Segments

Non-SYSTEM Rollback Segments (continued)

Public Public rollback segments form a pool of rollback segments availablein a
database. Public rollback segments are normally used with the Oracle Parallel Server
to create a pool of rollback segments that can be used by any of the Parallel Server
Instances.

Note: The use of public rollback segmentsis discussed in the Oracle8i Parallel Server
Concepts and Administration manual.

Deferred Rollback Segments

Deferred rollback segments may be created when atablespace is brought offline. They
areused to roll back transactions when the tablespace is brought back online. They are
dropped automatically when they are no longer needed.

Because deferred rollback segments are maintained by the Oracle server, no
maintenance is required on the part of the DBA.
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Using Rollback Segments with Transactions

Transactions and Rollback Segments

_>
Transaction 1 Transaction 2
I .

I:I Active extent I:I Inactive extent
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Allocation of a Rollback Segment

When atransaction begins, arollback segment needs to be assigned to this transaction.
A transaction may request a specific rollback segment using the following command:

SET TRANSACTI ON USE ROLLBACK SEGMVENT rol | back_segment

If no such request is made, the Oracle server chooses the rollback segment with the
fewest transactions, and assignsiit to the transaction.

Using Extents

Transactions use extents of arollback segment in a sequential, circular fashion,
moving from one to the next after the current extent isfull. A transaction writes an
entry to its current location in the rollback segment and advances the current pointer
by the size of the entry.

More than one transaction can write to the same extent of a rollback segment;
however, each rollback segment block contains information from one and only one
transaction.
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Example

In the example in the dide, two transactions have been assigned to a rollback segment,
which has four extents.

1 When the transactions commence, they begin writing to Extent 3 of the rollback
segment.

2 Asthe two transactions generate more rollback information, they continue to write
into Extent 3.

3 When Extent 3 isfull, the transactions write to the next extent in thering, which is
Extent 4. When transactions start writing to a new extent asin thisstep, it is called
awrap.

4 When thelast extent for the rollback segment (Extent 4) isfull, the transactions
can use thefirst in thering (Extent 1) if it isfree or inactive. An extent isonly free
or inactive if there are currently no active transactions using the extent—that is, all
transactions that wrote to the extent have completed.
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Growth of Rollback Segments
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Growth of Rollback Segments

The pointer or the head of the rollback segment moves to the next extent when all
blocks of the current extent are used and a transaction needs another block for more
space. When the last extent isfull, the pointer moves to the front of the first extent.

The pointer can only move to the next extent if that extent has no active transactions.
The pointer cannot skip over an extent. If the next extent is being used, the transaction
will alocate an additional extent for the rollback segment. Thisis called an extend.

A rollback segment may grow in this manner until it reaches the maximum number of
extents specified by the MAXEXTENTS parameter.
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|:| Active extent

OPTIMAL D Inactive extent
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OPTIMAL Parameter

The OPTIMAL parameter specifiesthe size in bytes that arollback segment must
shrink to, if possible. Specifying OPTIMAL minimizes the waste of spacein a
rollback segment. If the OPTIMAL parameter is specified, arollback segment can
release space on completion of transactions that caused the growth.

The deallocation of extents is not done as soon as transactions are completed. The
process of deallocating extents is performed only when the head moves from one
extent to the next. Extents are deallocated if both of these conditions are true:

* The current size of the rollback segment exceeds OPTIMAL

» There are contiguous inactive extents

The Oracle server tries to deallocate the size of the rollback segment until it is equal to
OPTIMAL, but may have to stop short if the next extent to be deallocated is in use.
The Oracle server always deallocates the oldest inactive extents, as they are least
likely to be used for read consistency.
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Creating Rollback Segments

Creating Rollback Segments

CREATE ROLLBACK SEGVENT r bs01
TABLESPACE r bs

STORAGE (
I NITIAL 100K
NEXT 100K

M NEXTENTS 20
MAXEXTENTS 100
OPTI MAL 2000K );
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Syntax
Use the following command to create a rollback segment:
CREATE [ PUBLI C] ROLLBACK SEGQVENT rol | back_segment
[ TABLESPACE t abl espace]
[ STCRACGE ([INITIAL integer[ K M]
[ NEXT integer[KI M]
[ M NEXTENTS i nt eger ]
[ MAXEXTENTS {i nt eger | UNLI M TED} ]
[ OPTI MAL {integer[ K| M| NULL}]
)
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Creating Rollback Segments

Restrictions

A rollback segment can be specified as either PUBLIC or PRIVATE (the default)
at the time of creation and cannot be changed.

For a rollback segment, MINEXENTS must be at least two.
PCTINCREASE cannot be specified for a rollback segment and is always set to 0.

OPTIMAL, if specified, must be at least equal to the initial size of the rollback
segment, which is the space used by the number of extents defined by
MINEXTENTS.

Guidelines

Always use INITIAL = NEXT for rollback segments to ensure that all extents are
of the same size.

Set the OPTIMAL value to minimize the allocation and deallocation of rollback
segment extents.

Avoid setting MAXEXTENTS to UNLIMITED. This could cause unnecessary
extension of a rollback segment and possibly of data files due to a program error.

Always place rollback segments in a separate, exclusive tablespace to minimize
contention and fragmentation.
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How to Use Oracle Enterprise Manager to Create a New Rollback
Segment

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.

3 Select the Rollback Segments folder, and choose Create from the right mouse
menu.

4 In the General page of the property sheet, enter the name, tablespace, and type.
Optionally, select the Online option button.

&% Create Rollback Segment - syztemi@mdbil Ed

General

Marme: |Ro4]
Tahlespace: [REIS

W Public

Status
( " Online @ Offline

5 In the Extents page of the property sheet, enter storage information.
6 Click Create.

Use Rollback—>Create Like to create a new rollback segment that uses the same
tablespace and settings as an existing rollback segment.
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Bringing Rollback Segments Online

®* Use the following command to make a rollback
segment available:

ALTER ROLLBACK SEGVENT rbs01 ONLI NE;

* Specify the following initialization parameter to
ensure rollback segments are brought online at
startup:

ROLLBACK_SEGVENTS=(r bs01, rbs02)
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The ALTER ROLLBACK SEGMENT Command

When arollback segment is created, it is offline and cannot be used. To make the
rollback segment available for use by transactions, use the ALTER ROLLBACK
SEGMENT command and bring it online.

Syntax
Use the following command to make a rollback segment available:
ALTER ROLLBACK SEGMVENT rol | back_segnent ONLI NE;
The number of rollback segments that can be brought online by an instance is limited

by the MAX_ROLLBACK_SEGMENTS parameter. Set this value to one more than
the number of non-SY STEM rollback segments required for the instance.

A rollback segment isonly online until the instance is shut down. To ensurethat a
rollback segment is always brought online by an instance, specify the name of the
rollback segment in the parameter file as shown in the example below:

RCOLLBACK_SEGQVENTS=(r bs01, rbs02)
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How to Use Oracle Enterprise Manager to Bring a Rollback Segment
Online

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.
Expand the Rollback Segments folder.

Select the rollback segment.

Select Place Online from the right mouse menu.

ga b~ W N

&# Oracle Storage Manager 5YSTEM@dhO1

File “iew Ohject Tools Help ORACLE
e db01 - systerm

Tahlespaces

General

Marme: [ro4
Tahlespace: [REIS

Datafiles

-HRollback Segments
& DEMO_RBS W Public

i RO1 ( Status

—if 02 T Online ® Offline

R R03
M

sy Creste. ..
=

Create Like...
Sy

Eciit....
B-IRedo Remove

Showe Dependencies

ST

Place Cnline
Tiakeatitiline

2T I EZED €D

6 In the dialog box, click Yes.
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How Instances Acquire Rollback

Segments
Acquire Compute No
; required
named private fjp nL?mber Arethslgese;mu@h
RBS of RBS

Yes Acquire

public
rollback
segments

Bring all acquired
rollback segments | <=
ONLINE
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How Instances Acquire Rollback Segments

The following steps explain how rollback segments are acquired by an instance when
it opens a database:

1 Theinstance acquires al rollback segmentsthat are named in the initialization
parameter ROLLBACK_SEGMENTS.

2 The TRANSACTIONSI ni t . or a parameter isdivided by the
TRANSACTIONS PER_ROLLBACK_SEGMENT i ni t. or a parameter, and the
result is the number of rollback segments needed by the instance. If thisvalueis
greater than the non-SY STEM rollback segments already brought online by the
instance, then the instance will acquire additional public rollback segments to
make up for the shortfall. If there are insufficient public rollback segments, the
database will be opened and available to users. No errors will be generated.
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Maintaining Rollback Segments

Changing Rollback Segment Storage
Settings

¢ Usethe ALTER ROLLBACK SEGMENT command
®* Can change OPTIMAL or MAXEXTENTS

ALTER ROLLBACK SEGVENT r bs01
STORAGE( MAXEXTENTS 200 );
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Syntax
The storage parameters for a rollback segment can be changed using the ALTER
ROLLBACK SEGMENT command.

ALTER RCOLLBACK SEGVENT rol | back_segnent
[ STORAGE ( [ NEXT integer[ K M]

[ M NEXTENTS i nt eger ]
[ MAXEXTENTS {i nt eger | UNLI M TED} ]
[ OPTI MAL {integer[ K| M| NULL}]

)

]
Use this command to redefine the OPTIMAL or MAXEXTENTS parameters.
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Maintaining Rollback Segments

How to Use Oracle Enterprise Manager to Change Storage Settings

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.

3 Expand the Rollback Segments folder.

4 Select the rollback segment.

5 Select the Storage tab of the property sheet, and change the parameters.

&% Oracle Storage Manager SYSTEM®&db01 M=l E3

File “iew Ohject Tools Help ORACLE
e db01 - systerm

Tahlespaces

Storage
~— Extents
Initial Size:; (512 | [KBytes |

-HRollback Segments

| #4DEMO_RBS Mext Size: |512 |KEl!.ftes v]
= —

&R0 Cptimal Size: | |K Bytas ,]
e RO2 Minimurm Mumber:

—& RO3 | Masimum Nuraber:
e ) 4 . " Unlimited

_HSYSROL w alue |4D|:||
& SYSTEM .
B _JRedo Log Groups

Datafiles

6 Click Apply.
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Deallocating Space from Rollback
Segments

¢ Usethe ALTER ROLLBACK SEGMENT command

* If extents are active, may not shrink to the
requested size

ALTER ROLLBACK SEGVENT rbs01
SHRI NK TO 4M
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Deallocating Space from Rollback Segments

If OPTIMAL has been specified for arollback segment, the Oracle server will attempt
to deall ocate extents to release space above the optimal size.

Manual Deallocation
To manually deallocate space from arollback segment, use the following command:
ALTER ROLLBACK SEGVENT rol | back_segnent
SHRINK [ TOinteger [ KIM]];
This command attempts to reduce the size of the rollback segment to the specified
size, but will stop short if an extent cannot be deallocated because it is active.

If integer is not specified, the Oracle server attempts to deallocate extents until the size
of therollback segment is equal to OPTIMAL.

If the integer specified is larger than the current size of the rollback segment, this
command isignored.
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How to Use Oracle Enterprise Manager to Shrink a Rollback Segment

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.
Expand the Rollback Segments folder.

Select the rollback segment.

Select Shrink from the right mouse button menu.

In the Shrink Rollback Segment dialog box, select Optimal Size to shrink the
rollback segment to its optimal size. Alternatively, select Size and enter the size in
kilobytes or megabytes.

o 0B~ WN

& Dracle Storage Manager SYSTEM@&db01 I =] 3

Wiew Ohject Tools Help ORACLE
o db01 - systemn

General

Tahlespaces
%Dataﬂles
UPPOWPON . ik Rollback. Scamert 3
—fDEMO_F @ Optimal Size
—E R0  Size: | | [KEIE-'TES ]
—&y 02 ! Cffline
& R03 Ok Cancel
i RO4
Y0
il SYSROL
&L SYSTEM
E-_JRedo Log Groups

7 Click OK.
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Taking a Rollback Segment Offline

®* Take arollback segment offline to make it
unavailable.

* |If transactions are using the rollback segment, the
status is temporarily changed to PENDING
OFFLINE.
ALTER ROLLBACK SEGVENT rbs01

OFFLI NE;
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Taking a Rollback Segment Offline

Take arollback segment offline:

» To prevent new transactions from using a rollback segment
* If the rollback segment needs to be dropped

Syntax
Use the following command to take a rollback segment offline:
ALTER ROLLBACK SEGMVENT rol | back_segnent OFFLI NE;
If there are transactions using the rollback segment at the time this statement is
executed, the status of the rollback segment is set to PENDING OFFLINE, as seen

from the dynamic performance view VSROLLSTAT. As soon as all existing
transactions complete, the segment will be taken offline.
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How to Use Oracle Enterprise Manager to Shrink a Rollback Segment

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.

Expand the Rollback Segments folder.

Select the rollback segment.

Select Take Offline from the right mouse button menu.

g b~ WO N

&# Oracle Storage Manager 5YSTEM@dhO1

File “iew Ohject Tools Help ORACLE
e db01 - systerm

Tahlespaces

General

Marme: [ros
Tahlespace: [REIS

Datafiles

-HRollback Segments
i DEMO_RBS W Public
& RO Status

i RO2 (

—iR03
i R04

_HW Create...

ST et Like..
ST Edit..

B Redo Remove

@ Cnline © Offlinge

Show Dependencies

ZShrink

BlaEeanline

6 In the dialog box, click Yes.
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Dropping Rollback Segments

A rollback segment must be offline before it can be
dropped.

DROP ROLLBACK SEGVENT rbs01;
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Syntax
Use the following command to drop a rollback segment:
DROP ROLLBACK SEQVENT rol | back_segment ;

A rollback segment may need to be dropped if it isno longer needed or if it needsto be
re-created with different storage settings for INITIAL, NEXT, or MINEXTENTS.

A rollback segment must be offline before it can be dropped.
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How to Use Oracle Enterprise Manager to Drop a Rollback Segment

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

Enter the login information, and click OK.
Expand the Rollback Segments folder.
Select the rollback segment.

Select Remove from the right mouse button menu. The remove option will be
enabled only if the rollback segment is offline.

g b~ WO N

&# Oracle Storage Manager 5YSTEM@dhO1 =] B3

ewy Ohject Tools Help ORACLE
e db01 - systerm

Tahlespaces

General

Datafiles Mame: [Ros

Tahlespace: [REIS

-HRollback Segments
& DEMO_RBS W Public

i RO1 ( Status

—if 02 T Online ® Offline

—iR03
i R04

:E?Creaﬁe...

| Create Like...
&5 e
E‘}D Fed: Femove

Show Dependencies

=l rirpLis

Place Online

ToeOifine

6 In the dialog box, click Yes.
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Obtaining Rollback Segment Information

Rollback Segments in the Database

DBA_ROLLBACK_SEGS
* |dentification:
— SEGMENT_ID
— SEGMENT_NAME
®* Location: TABLESPACE_NAME
* Type: OWNER (PUBLIC or SYS)
® Status: STATUS (ONLINE or OFFLINE)
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Obtaining Rollback Segment Information from the Data Dictionary
To obtain information about al the rollback segments in the database, query the
DBA_ROLLBACK_SEGSview.
SQ.> SELECT segment _nane, tabl espace_nane, owner, status
2 FROM dba_rol | back_segs;
SEGVENT_NAME ~ TABLESPACE_NAME OAMER STATUS

SYSTEM SYSTEM SYS ONLI NE
RBS1 RBS SYS ONLI NE
RBS2 RBS SYS ONLI NE
RBS3 RBS SYS OFFLI NE

4 rows sel ected.

Information about rollback segments that are offline can only be seenin
DBA_ROLLBACK_SEGS. The dynamic performance views only show rollback
segments that are online.

The OWNER column specifiesthe type of arollback segment:
» SYS refers to a private rollback segment.
» PUBLIC refers to a public rollback segment.
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How to Use Oracle Enterprise Manager to Drop a Rollback Segment

1 Launch Storage Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Storage Manager

2 Enter the login information, and click OK.

3 Select the Rollback Segments node to view a summary of all the rollback segments
in the database.

&# Dracle Storage Manager SYSTEM@db01 [_ [O] =]
R A
@%dbm - system Mame |Tab|espace |Status |Size |High Wiater Mark (W) |
E Tahlespaces DEMO_RBS RBS QOFFLIME 0.039 0.000 -
Q Datafiles R01 RES OMLIME 1.016 1.012
SO RO2 RBS ONLINE 1016 1.012
_I & DEMO_RBS RO3 REBES QOMLIME 1.016 1.012
@ & RO RO4 RBS QRILIME 1.016 1.012
[._)‘]| i R02 SYSROL SYSTEM QOFFLIME 1.855 n.oa0
o &L R03 SYSTEM SYSTEM QOMLIME 0.352 0.348
& RO
L7 ] & SYSROL
- L& 5vSTEM
B Redo Log Groups
o S A A AT A A A 4

4 Expand the Rollback Segments folder.

5 Select the rollback segment to view extent information and the type of the rollback
segment.
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Rollback Segment Statistics

/V$ROLLNAME \ /V$ROLLSTAT \
USN » USN

NAME EXTENTS

RSSIZE

XACTS

OPTSIZE

HWMSIZE
AVEACTIVE

STATUS

CUREXT

\ ) \ CURBLK )
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VSROLLSTAT and VSROLLNAME

Join the VSROLL STAT and VSROLLNAME viewsto obtain the statistics of the
rollback segments currently used by the instance.

Example
SQL> SELECT n. nane, s.extents, s.rssize, s.optsize,
2 s.hwnsize, s.xacts, s.status
3 FROMv$rollname n, v$rollstat s
4 VWHERE n.usn = s.usn;
NANE EXTENTS RSSI ZE OPTSI ZE HWWSI ZE XACTS STATUS

SYSTEM 43 2199552 2199552 0 ONLI NE

RBS1 20 202752 204800 417792 0 ONLI NE

RBS2 4 38912 38912 0 PENDI NG
OFFLI NE

3 rows sel ected.
Note: The value of OPTIMAL can be obtained only from V$ROLLSTAT view.
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V$ROLLSTAT and VSROLLNAME (continued)
The columnsin V$ROLL STAT include;

Column Description

USN Rollback (undo) segment number; join with
VIROLLNAME.USN to get the name

EXTENTS Number of extentsin the rollback segment

RSSIZE Current size of the segment in bytes

XACTS Number of transactions using this segment

OPTSIZE OPTIMAL value for the rollback segment

HWMSIZE High-water mark; the maximum sizein bytes to
which the segment grew since startup

AVEACTIVE Current size of active extents, averaged over time

STATUS Status of the rollback segment:

* ONLINE indicates that the rollback segment is
available for use.

« PENDING OFFLINE indicates that the
command to take a rollback segment offline
has been executed and there are some active
transactions using the segment. The rollbadk
segment will be taken offline as soon as all
transactions using the rollback segment have
been completed.

e OFFLINE indicates that the rollback segment
cannot be used.

CUREXT Current location of the rollback segment head; the
CURBLK extent and block number

Note: If arollback segment is PENDING OFFLINE, the status shows up as ONLINE

in DBA_ROLLBACK_SEGS.
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Rollback Segment: Current Activity
/V$SESSION \ /V$TRANSACTION \
SADDR - 3 SES ADDR
USERNAME XIDUSN
SID UBAFIL
SERIAL# UBABLK
UBASON
UBAREC
STATUS
USED_UBLK
USED_UREC
- J o J
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V$SESSION and V$TRANSACTION

To check the use of rollback segment by currently active transactions, join the
V$TRANSACTION and V$SESSION views.

Example
SQ.> SELECT s. usernane, t.xidusn, t.ubafil
2 t.ubabl k, t.used_ubl k
3 FROM v$session s, v$transaction t
4 \WHERE s. saddr = t.ses_addr;

USERNAME XI' DUSN  UBAFI L UBABLK USED_UBLK
SYSTEM 2 2 7
SCOTT 1 2 163 1

2 rows sel ect ed.
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VSTRANSACTION and V$SESSION (continued)
The relevant columnsin VETRANSACTION and their descriptions are shown below:

Column Description

SES ADDR Address of the session; can be joined to
V$SESSION.SADDR

XIDUSN Rollback (undo) segment number used by the
transaction; used as part of the transaction |ID

UBAFIL Specify the current location in the

UBABLK rollback segment that the transaction iswriting to

UBASQN

UBAREC

USED_UBLK Number of blocks of undo generated by the
transaction

START_UEXT Rollback segment extent from which the
transaction started writing

START_UBAFIL Rollback segment file number from which the
transaction started writing

START_UBABLK Rollback segment block number from which the

transaction started writing
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Planning Rollback Segments

Planning Rollback Segments: Number

* OLTP

— Many small rollback segments

— Four tran sactions per rollback segment

— Up to ten transactions per rollback segment
®* Batch

— Few large rollback segments

— One per transaction
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Number of Rollback Segments

The header block of arollback segment contains transaction table entries that define
the state of each transaction. Every transaction that uses arollback segment needs to
update the transaction table frequently. This could cause contention on the header,
especially in an online transaction processing (OLTP) environment. Because OLTP
environments typically use short transactions, many small rollback segments are
recommended in this environment. If possible, create one rollback segment for every
four concurrent transactions.

Batch environments generally run fewer jobs that may need to carry out several
changes. These jobs require large rollback segments. Hence, in a batch environment,
allow for the growth of the rollback segments by creating them in large tablespaces.
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Planning Rollback Segments: Number of
Extents
0.50 -
0.40
Probability
of extending 0.30 -
0.20
0.10
OOO L] L] L] L] L] L] L] L] L]
0 10 20 30 40
Number of extents
Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Size of a Rollback Segment

The number of bytes required to store information that is needed in case of rollback

depends on two things:

* The type of transaction being performed (insert, update, delete, and so on)

* The actual data being processed

In general, inserting a given record into a table generates less undo than deleting the
same record. Inserts need to store only the ROWID in the rollback, while deletes need
to store the actual row itself.

You can estimate the size of the rollback segment by running the longest transaction
expected and checking the size of the rollback segment or the amount of rollback

(undo) generated. The courdagerprise DBA Part 2: Performance Tuning and
Oracle8i: SQL Satement Tuning discuss monitoring statistics.

Number of Extents

It has been found that a dynamic extension of a rollback segment can be minimized by
creating rollback segments with a large number of extents. Creating rollback segments
with MINEXTENTS=20 is recommended to reduce the possibility of extension.
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Troubleshooting Rollback Segment Problems

Rollback Segment Problems

* Insufficient space for transactions
®* Read-consistency error

®* Blocking session

* Errorin taking tablespace offline
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Troubleshooting Rollback Segment Problems

Insufficient Space for Transactions

®* No space in tablespace
— Extend data files
— Allow automatic extension of data files
— Add data files
* MAXEXTENTS reached for segment
— Increase MAXEXTENTS
— Re-create segments with larger extent sizes
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Possible Causes

A transaction uses a single rollback segment and may fail if there isinsufficient space
in the rollback segment (ORA-01562). This could be caused by one of the following:

» There is insufficient space in the tablespace for the rollback segments to extend
(ORA-01560).

* The number of extents in the rollback segment has reached MAXEXTENTS and
additional extents cannot be allocated (ORA-01628).

Solution
If the tablespace does not have free space, increase the space available by:

» Setting OPTIMAL to ensure that a single rollback segment does not use all of the
free space in the tablespace

» Shrinking rollback segments back to their optimal size
* Increasing the size of the tablespace

If a rollback segment cannot allocate more extents because the limit imposed by
MAXEXTENTS has been reached:

* Increase MAXEXTENTS for the rollback segment

» Drop and re-create the rollback segment with larger extent sizes to avoid a
recurrence of the problem
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Read-Consistency Error

SELECT *
Table FROM t abl e Reused block

5 € //1 n

BB N\

] New image

mm Image at statement
commencement
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Possible Causes

To provide read consistency, the Oracle server guarantees that changes made by other
usersthat are not committed when the statement begins or are made after the statement
begins execution will not be seen by the statement. If the Oracle server cannot
construct a read-consistent image of data, the user will receive an ORA-01555
SNAPSHOT TOO OLD error. Thiserror can occur when the transaction that made the
change has already committed and:

* The transaction slot in the rollback header has been reused

» The before-image in the rollback segment has been overwritten by another
transaction

Solution

Read-consistency errors can be minimized by ensuring that rollback segments are
created with:

* A higher MINEXTENTS value

* Larger extent sizes

* A higher OPTIMAL value

Note that these errors cannot be avoided by increasing MAXEXTENTS.
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Blocking Session

Blocking
session

@ 2

|:| Existi

I:I New extent
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ng extent
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Possible Causes
When an extent in arollback segment is full, the Oracle server attempts to reuse the

next extent in th

ring and continu

even though the
database admin
growth.

Enterprise DBA Pa

e segment. If this new extent contains one active entry—that is, an
entry by a transaction that is still active—it cannot be used. In these cases, a rollback
segment allocates an additional extent. The transaction cannot skip an extent in the

e writing to a subsequent extent. A transaction that has made only a
few changes, but has been idle for a long time, could cause rollback segments to grow
re are many free extents. In this situation, a lot of space is wasted and a
istrator may need to intervene to avoid excessive rollback segment
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Solution

Query the VSROLLSTAT, V$SESSION, and VSTRANSACTION views to find any
blocking transactions.

Example
SQ.> SELECT s.sid, s.serial#, t.start_tine, t.xidusn, s.username

2 FROMv$session s, v$transactiont, v$rollstat r
3 WHERE s.saddr = t.ses_addr

4 AND t.xidusn = r.usn

5 AND ((r.curext =t.start_uext-1) OR

6 ((r.curext =r.extents-1) ANDt.start_uext=0));
SID SERIAL# START_TIME XI DUSN  USERNANME

9 27 10/30/97 21:10: 41 2 SYSTEM
1 row sel ect ed.

Check to see if the transaction can be ended by the user. If not, it may be necessary to
kill the session.
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Error in Taking a Tablespace Offline

Cannot take tablespace containing active RBS offline

1. Determine which rollback segments are in the
tablespace

2. Take all of these rollback segments offline

3. Find active transactions using these rollback
segments

4. Find the session ID and serial number
5. Terminate the session if necessary
6. Take the tablespace offline
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Problem Diagnosis and Resolution

If atablespace contains one or more active rollback segments, it cannot be taken
offline. The session executing the statement will receive an ORA-01546 error
message.

Solution
Perform the following steps:

1 Query DBA_ROLLBACK_SEGS o find which rollback segments arein the
tablespace.

2 Take all rollback segmentsin the tablespace offline.

3 Check V$TRANSACTION to find which transactions are currently using these
rollback segments.

4 Use V$SESSION to obtain the username and session information.
5 Kill the session or have the user end the transaction.
6 Take the tablespace offline.
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Summary

Summary

In this lesson, you should have learned how to:
* List rollback segments usage:
— Rollbacks
— Read consistency
— Recovery
* Create adequate rollback segments
®* Troubleshoot rollback segment problems

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

10-40 Enterprise DBA Part 1A: Architecture and Administration



Quick Reference

Summary

Context

Reference

Initialization parameters

ROLLBACK_SEGMENTS

TRANSACTIONS

TRANSACTIONS _PER_ROLLBACK_SEGMENTS
MAX_ROLLBACK_SEGMENTS

Dynamic performance views

V$ROLLNAME
V$ROLLSTAT
V$TRANSACTION
V$SESSION

Data dictionary views

DBA_ROLLBACK_SEGS

Commands

CREATE ROLLBACK SEGMENT

ALTER ROLLBACK SEGMENT ... ONLINE
ALTER ROLLBACK SEGMENT ... STORAGE
ALTER ROLLBACK SEGMENT ... SHRINK
ALTER ROLLBACK SEGMENT ... OFFLINE
DROP ROLLBACK SEGMENT

SET TRANSACTION USE ROLLBACK SEGMENT
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Lesson 11: Managing Tables

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Create tables using appropriate storage settings
®* Control the space used by tables
* Analyze tables to check integrity and migration

* Retrieve information about tables from the data
dictionary

* Convert between different formats of ROWID
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Overview

Overview
Storing User Data
Regular Partitioned
table table
\\eﬂf > ::=EEE§
AN EE=--'
Index-organized
table Cluster
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Using Different Methods for Storing User Data

There are several methods for storing user datain an Oracle database. The data can be
stored in one of the following:

* Regqular tables

e Partitioned tables

* Index-organized tables
* Clustered tables

Note: Partitioned tables, index-organized tables, and clustered tables are covered in
other courses.

Regular Table

A regular table (generally referred to as a “table”) is the most commonly used form of
storing user data. This is the default table and is the main focus of discussion in this
lesson. A database administrator has very limited control over the distribution of rows
in an unclustered table. Rows may be stored in any order depending on the activity on
the table.

Enterprise DBA Part 1A: Architecture and Administration 11-3



Lesson 11: Managing Tables

Partitioned Table
A partitioned table enables the building of scalable applications. It has the following
characteristics:

* A partitioned table has one or more partitions, each of which stores rows that have
been partioned using range partitioning, hash partitioning, or composite
partitioning.

* Each partition in a partitioned table is a segment and can be located in a different
tablespace.

» Partitions are useful for large tables that can be queried or manipulated using
several processes concurrently.

» Special commands are available to manage partitions within a table.

Index-Organized Table

An index-organized table is like a regular table with a primary key index on one or
more of its columns. However, instead of maintaining two separate storage spaces for
the table and a B-tree index, an index-organized table only maintains a single B-tree
containing the primary key of the table and other column values.

Index-organized tables provide fast key-based access to table data for queries
involving exact match and range searches.

Also, storage requirements are reduced because key columns are not duplicated in the
table and index. The remaining non-key columns are stored in the index unless the
index entry gets very large; in that case, the Oracle server provides an OVERFLOW
clause to handle the problem.

Clustered Table

A clustered table provides an optional method for storing table data. A cluster is made
up of a group of tables that share the same data blocks, which are grouped together
because they share common columns and are often used together.

Clusters have the following characteristics:

» Clusters have duster key, which is used to identify the rows that need to be stored
together.

* The cluster key can consist of one or more columns.
» Tables in a cluster have columns that correspond to the cluster key.

» Clustering is a mechanism that is transparent to the applications using the tables.
Data in a clustered table can be manipulated as though it were stored in a regular
table.
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Overview

Clustered Table (continued)

» Updating one of the columns in the cluster key may entail physically relocating the
row.

* The cluster key is independent of the primary key. The tables in a cluster can have
a primary key, which may be the cluster key or a different set of columns.

» Clusters are usually created to improve performance. Random access to clustered
data may be faster, but full table scans on clustered tables are generally slower.
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<

Database block

[ IRow header
1 column length
#22 column value

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Row Format and Size

Row datais stored in database blocks as variable-length records. Columns for arow
are generally stored in the order in which they are defined, and any trailing NULL
columns are not stored. Each row in atable can have adifferent number of columns.
Each row in atable has:

* Arow header: Used to store the number of columns in the row, the chaining
information, and the row lock status

* Row data: For each column, the Oracle server stores the column length and value
(One byte is needed to store the column length if the column cannot exceed 250
bytes. A column that can be longer needs three length bytes. The column value is
stored immediately following the column length bytes.)

Adjacent rows do not need any space between them. Each row in the block has a slot
in the row directory. The directory slot points to the beginning of the row.
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Oracle Data Types

Oracle Data Types

Data type

1 1
| User-defined | Built-in

| Scalar || Collection | | Relationship

— VARCHAR2(N),
NVARCHAR2(N)

— NUMBER(P,S)

— DATE

— RAW(N)

— BLOB, CLOB,
NCLOB, BFILE

— LONG, LONG RAW

— ROWID, UROWID
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— CHAR(N), NCHAR(N)':VARRAY I— REF

TABLE

Oracle Built-in Data Types

The Oracle server provides severa built-in data types to store scalar data, collections,
and relationships.

Scalar Data Types

Character Data Character data can be stored as either fixed-length or variable-
length strings in the database.

Fixed-length character data types, such as CHAR and NCHAR, are stored with padded
blanks. NCHAR isanational language-supported (NLS) data type that enables the
storage of either fixed-width or variable-width character sets. The maximum sizeis
determined by the number of bytes required to store one character, with an upper limit
of 2,000 bytes per row. The default is 1 character or 1 byte, depending on the character
Set.

Variable-length character data types use only the number of bytes needed to store the
actual columnvalue, and can vary in sizefor each row, up to 4,000 bytes. VARCHAR?2
and NVARCHAR?2 are examples of variable-length character data types.
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Scalar Data Types (continued)

Numeric Data Numbersin an Oracle database are always stored as variable-length
data. They can store up to 38 significant digits. Numeric data types require:

— One byte for the exponent
— One byte for every two significant digits in the mantissa

— One byte for negative numbers if the number of significant digits is less than
38 bytes

DATE Data Type The Oracle server stores dates in fixed-length fields of seven
bytes. An Oracle DATE always includes the time.

RAW Data Type This data type enables the storage of small binary data. The Oracle
server does not perform character set conversion when RAW data is transmitted across
machines in a network or if RAW data is moved from one database to another using
Oracle utilities. The number of bytes needed to store the actual column value vary in
size for each row, up to 2,000 bytes.
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Oracle Data Types

Data Types for Storing
Large Objects

LONG, LONG RAW LOB

Single column per table Multiple columns per table

Up to 2 gigabytes Up to 4 gigabytes

SELECT returns data SELECT returns locator

Data stored in-line Data stored in-line or out-of-line
No object type support Supports object types
Sequential access to chunks| Random access to chunks
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Scalar Data Types for Storing Large Objects (LOBS)

Oracle provides six data types for storing LOBS:

* CLOB andLONG for large fixed-width character data

* NCLOB for large fixed-width national character set data

* BLOB andLONG RAW for storing unstructured data

* BFILE for storing unstructured data in operating system files

LONG and LONG RAW data types were previously used for unstructured data, such
as binary images, documents, or geographical information, and are primarily provided
for backward compatibility. These data types are superseded by the LOB data types.
LOB data types are distinct from LONG and LONG RAW, and they are not
interchangeable. LOBs will not support the LONG application programming interface
(API), and vice versa.

Comparing LONG and LOB Data Types
It is beneficial to discuss LOB functionality in comparison to the older types. Below,
LONGSs refers to LONG and LONG RAW, and LOBs refer to all LOB data types.

LOBs enable multiple LOB columns per table or attributes in an object type; LONGs
enable only one.
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Comparing LONG and LOB Data Types (continued)

The maximum size of LONGsis 2 gigabytes; LOBs can be up to 4 gigabytes.

Upon retrieval, LOBs return the locator; LONGs return the data.

LOBsstore alocator in the table and the data el sewhere, unless the sizeislessthan the
maximum size for aVARCHAR?2 data type, which is 4,000 bytes, LONGs store all
datain-line. In addition, LOBs alow data to be stored in a separate segment and
tablespace, or in ahost file.

LOBs support object type attributes (except NCLOBS); LONGs do not.

LONGs are primarily stored as chained row pieces, with arow piece in one block
pointing to the next row piece stored in another block. Therefore, they need to be
accessed sequentially. In contrast, LOBS support random piece-wise access to the data
through afile-like interface.
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Oracle Data Types

ROWID Data Type

®* Unique identifier for arow
* Used to locate arow

ROWID Format

000000 || FFF || BBBBBB || RRR
Data object Relative file  Block number Row number
number number
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ROWID and UROWID Data Type

ROWID is apseudo-column that can be queried along with other columnsin atable. It
has the following characteristics:

* ROWID is a unique identifier for each row in the database.
« ROWID is not stored explicitly as a column value.

* Although the ROWID does not directly give the physical address of a row, it can
be used to locate the row.

* ROWID provides the fastest means of accessing a row in a table.
 ROWIDs are stored in indexes to specify rows with a given set of key values.

With release 8.1, the Oracle server provides a new single data type called the universal
rowid, or UROWID. It supports rowids of foreign tables (tables other than Oracle’s)
and can store all kinds of rowids. The value of the parameter COMPATIBLE must be
set to 8.1 or higher to use UROWID.

ROWID Format

ROWID needs 10 bytes of storage on disk and is displayed using 18 characters. It
consists of the following components:

» Data object number is assigned to each data object, such as a table or index, when
it is created, and it is unique within the database.

* Relative file number is unique to each file within a tablespace.
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ROWID Format (continued)
» Block numberepresents the position of the block containing the row within the
file.
* Row number identifies the position of the row directory slot in the block header.

Internally, the data object number needs 32 bits, the relative file number needs 10 bits,
the block number needs 22 bits, and the row number needs 16 bits, adding up to a total
of 80 bits or 10 bytes.

ROWID is displayed using a base-64 encoding scheme, which uses six positions for
the data object number, three positions for the relative file number, six positions for the
block number, and three positions for the row number. The base-64 encoding scheme
uses the characters “A-Z,” “a-z,” “0-9,” “+,” and “/atotal of 64 characters, asin the
example below:

SQ.> SELECT id, ROND FROM sunmit. depart nment;
I D ROW D

50 AAADCAAACAAAANAAAL
In this example:
* AAADC4 is the data object number.
* AAC is the relative file number.
AAAAMA is the block number.
* AAA is the row number for the department with ID=10.
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Oracle Data Types

Locating a Row Using ROWID

Because a segment can only reside in one tablespace, using the data object number, the
Oracle server can determine the tablespace that contains a row.

The relative file number within the tablespace is used to locate the file, the block
number is used to locate the block containing the row, and the row number is used to
locate the row directory entry for the row.

The row directory entry can be used to |ocate the beginning of the row.

Thus, ROWID can be used to locate any row within a database.
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Restricted ROWID

® Can identify rows within a segment
®* Needs less space

BBBBBBBB | .| RRRR || FFFF

Block number Row number File number
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Using Restricted ROWID in Oracle7 and Earlier

Versions of Oracle prior to the Oracle8 server used the restricted ROWID format. A
restricted ROWID used only six bytesinternally and did not contain the data object
number. This format was acceptable in Oracle7 or an earlier release because the file
numbers were unique within a database. Thus, earlier releases did not permit more
than 1,022 datafiles.

Even though Oracle8 removed this restriction by using tablespace-relative file
numbers, the restricted ROWID is still used in objects like nonpartitioned indexes on
nonpartitioned tables where all the index entries refer to rows within the same
segment.
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Oracle Data Types

Collections

® Collections are objects that contain objects.
* VARRAYSs are ordered sets of elements containing

acount and a limit.

* Nested tables are tables with a column or variable

of the TABLE data type.

RRRRARARAN

A\ U\ O Y

RRAARAANY

[

VARRAY
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Collection Data Types

Two types of collection data types are available to store data that is repetitive for a
given row in atable. Prior to Oracle8i, the Objects option was needed to define and
use collections. A brief discussion of these types follows.

Varying Arrays (VARRAYS) Varying arrays are useful to store liststhat contain a
small number of elements, such as phone numbers for a customer.

VARRAY s have the following characteristics:

* Anarray is an ordered set of data elements.
» All elements of a given array are of the same data type.
» Each element has an index, which is a number corresponding to the position of the

element in the array.

* The number of elements in an array is the size of the array.

* The Oracle server allows arrays to be of variable size, which is why they are called
VARRAYS, but the maximum size must be specified when declaring the array

type.
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Collection Data Types (continued)

Nested Tables Nested tables provide a means of defining a table as a column within
atable. They can be used to store sets that may have alarge number of records, such as
number of itemsin an order.

Nested tables generally have the following characteristics:
+ A nested table is an unordered set of records or rows.
« The rows in a nested table have the same structure.

* Rows in a nested table are stored separately from the parent table, with a pointer
from the corresponding row in the parent table.

» Storage characteristics for the nested table can be defined by the database
administrator.

* There is no predetermined maximum size for a nested table.

Relationship Data Types (REFs)

Relationship types are used as pointers within the database. The use of these types
requires the Objects option. As an example, each item that is ordered could point to or
reference a row in the PRODUCTS table, without having to store the product code.

User-Defined Data Types

The Oracle server allows a user to define abstract data types and use them within the
application. The use of this feature requires the Objects option.
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Creating a Table

Creating a Table

Creating a Table

CREATE TABLE enpl oyee(

id NUVBER( 7) ,

| ast _nane VARCHAR2( 25),

dept i d NUVBER( 7))
PCTFREE 20 PCTUSED 50
STORAGE(| NI TI AL 200K NEXT 200K
PCTI NCREASE 0 MAXEXTENTS 50)
TABLESPACE dat a;

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Syntax
Use the following command to create atable:

CREATE TABLE [schena.] table
(columm datatype [ , colum datatype ] ...)
[ TABLESPACE t abl espace ]

[ PCTFREE i nteger ]

[ PCTUSED i nt eger ]

[ NI TRANS i nteger ]

[ MAXTRANS i nt eger ]

[ STORAGE st orage-cl ause ]

[LOGG NG| NOLOGA NG

[ CACHE | NOCACHE] ]

where: schema isthe owner of the table
table isthe name of the table
column is the name of the column
datatype is the data type of the column
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Syntax (continued)

TABLESPACE identifies the tablespace where the table
will be created
PCTFREE is the amount of space reserved in each

block (in apercentage of total space minus
theblock header) for rowstogrow inlength

PCTUSED determines lower limit of space used on a
block (after it fillsto PCTFREE) before it
becomes available for further row inserts

INITRANS specifies the number of transaction entries
preallocated in each block (The default
Isl.)

MAXTRANS [imitsthe number of transaction entriesthat
can beallocated to each block (The default
is255.)

STORAGE identifiesthestorageclausethat determines
how extents will be allocated to the table

LOGGING specifies that the creation of the table will
belogged in theredo log file
(It also specifies that all subsequent
operationsagainst thetablearelogged. This
isthe default.)

NOLOGGING specifies that the creation of the table and
certain types of data loads will not be
logged in the redo log file

CACHE specifies that the blocks retrieved for this
table are placed at the most recently used
end of theLRU listinthe buffer cacheeven
when afull table scan is performed

NOCACHE specifies that the blocks retrieved for this
table are placed at the least recently used
endof theLRU listinthebuffer cachewhen
afull table scan is performed
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Creating a Table

Syntax (continued)

Note

» Generally, tables should be created with a primary key. The maintenance of
constraints is discussed in the lesson “Maintaining Data Integrity.”

* If MINIMUM EXTENT has been defined for the tablespace, the extent sizes for
the table will be rounded up to the next higher multiple of the MINIMUM
EXTENT value.

* Ifthe [NO]JLOGGING clause is omitted, the logging attribute of the table defaults
to the logging attribute of the tablespace in which it resides.

* If MINEXTENTS is specified to a value greater than one and the tablespace
contains more than one data file, the extents will be spread across the different files
in the tablespace.

Copying an Existing Table
Use the CREATE TABLE command with a subquery to copy an existing table in full
or in part.
The simplified syntax for this command is:
CREATE TABLE [schera. ] tabl e
[ LOGE NG| NOLOGE NG|

AS

subquery
The other clauses such as TABLESPACE, STORAGE, and block utilization
parameters can be specified while creating a table based on another table. Use the

NOLOGGING clause to suppress generation of redo log entries and speed up the
creation of the table.

Constraints, triggers, and table privileges are not copied to the new table that is created
in this manner. If a column was defined as NOT NULL in the original table, the
corresponding column in the new table will also be defined as NOT NULL.
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How to Create a Table Using Schema Manager

Try It 11-1
1 Launch Schema Manager:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Schema Manager
2 Select the option to connect directly to a database. Enter the administrator
syst em the passwordanager, the service namgur wor ki ng dat abase, and
click OK.

Oracle Enterprize Manager Login |

" Login to the Oracle Management Serer

® Connect directly to 3 database

Lzername: |5'5r5ter‘r‘|

Password: [

Service: a1s

Connect as: |Nurmal ~

2k | Cancel Cdick Tour Help

Copyright Qracle Corpaoration 1999, All rights resened.

3 Select Object—>Create from the menu bar.
4 Choose Table in the list of objects, select the Use Wizard option, and click Create.

5 Enter your table information in the Table Wizard, such as table name, tablespace,
owner, columns, and data types and sizes. Click Finish.

6 Expand the Tables folder to verify that your table was created.

Alternatively, select an existing table from the navigator, and use
Object—>Create Like to create a new table with the same column and storage
characteristics as an existing table.

Other Options While using Oracle Schema Manager, you also have the option to let
the tool automatically define the storage and block utilization parameters based on an
estimate of the initial volume, the growth rate, and the DML activity on the table.
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Creating a Table

Temporary Tables

®* Therows are private to the session.

CREATE GLOBAL TEMPORARY TABLE enpl oyee_t enp
AS SELECT * FROM enpl oyee;

Tables retain data only for the duration of a
transaction or session.

ON COW T PRESERVE ROWS;

DML locks are not acquired on the data.

DMLs do not generate redo logs.

Copyright O Oracle Corporation, 1999. All rights reserved. ORACLG

Temporary Tables

In addition to permanent tables, you can create temporary tables to hold session-
private data that exists only for the duration of a transaction or session.

The CREATE GLOBAL TEMPORARY TABLE command creates atemporary table
that can be transaction-specific or session-specific. For transaction-specific temporary
tables, data exists for the duration of the transaction, while for session-specific
temporary tables, data existsfor the duration of the session. Datain asessionis private
to the session. Each session can only see and modify its own data. DML locks are not
acquired on the data of the temporary tables. The clauses that control the duration of
therows are:

* ON COMMIT DELETE ROWS to specify that rows are only visible within the
transaction

+ ON COMMIT PRESERVE ROWS to specify that rows are visible for the entire
session

You can create indexes, views, and triggers on temporary tables and you can also use
the Export and Import utilities to export and import the definition of a temporary table.
However, no data is exported, even if you use the ROWS option. The definition of a
temporary table is visible to all sessions.
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Creating a Table: Guidelines

* Use afew standard extent sizes for tables to
reduce tablespace fragmentation.

®* Use locally managed tablespaces to avoid
fragmentation.

* Usethe CACHE clause for frequently used, small
tables.
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Guidelines for Creating a Table

* Place tables in a separate tablespace—not in the tablespace that has rollback
segments, temporary segments, and indexes.

* Place tables in locally managed tablespaces to avoid fragmentation.

» Use a few standard extent sizes that are multiples of 5 x DB_BLOCK_SIZE to
minimize fragmentation.

* To improve performance of full table scans, align extent sizes with
DB_FILE_MULTIBLOCK_READ_COUNT, which is an initialization parameter
that defines how many blocks are requested by the server processes in each read
call to the operating system while reading the whole table.

» Use the CACHE clause for small reference tables that are likely to be accessed
very frequently.
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Creating a Table

Setting PCTFREE and PCTUSED

* Compute PCTFREE

(Average Row Size - Initial Row Size) * 100

Average Row Size

e Compute PCTUSED

Average Row Size * 100
100 - PCTFREE -

Available Data Space
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Setting PCTFREE

A higher PCTFREE affords more room for updates within a database block. Set a
higher value if the table contains:

* Columns that are initially NULL and later updated with a value

* Columns that are likely to increase in size as a result of an update

A higher PCTFREE will result in lower block density—each block can accommodate
fewer rows.

The formula specified above ensures that there is enough free space in the block for
row growth.

Setting PCTUSED

Set PCTUSED to ensure that the block is returned to the free list only when there is
sufficient space to accommodate an average row. If a block on the free list does not
contain sufficient space for inserting a row, the Oracle server looks up the next block
on the free list. This linear scan continues until either a block with sufficient space is
found or the end of the list is reached. Using the formula given reduces the time taken
to scan the free list by increasing the probability of finding a block with the required
free space.

Note: The value for average row size can be estimated using the ANALYZE TABLE
command, which is discussed in a subsequent section.
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Before update
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Row Migration

If PCTFREE is set to alow value, there may be insufficient space in a block to
accommodate arow that grows as aresult of an update. When this happens, the Oracle
server will move the entire row to anew block and leave a pointer from the original
block to the new location. This processis referred to as row migration. When arow is
migrated, 1/0 performance associated with this row decreases because the Oracle
server must scan two data blocks to retrieve the row.

Row Chaining

Row chaining occurs when arow istoo large to fit into any block. This might occur
when the row contains columns that are very long. In this case, the Oracle server
divides the row into smaller chunks called row pieces. Each row pieceisstoredina
block along with the necessary pointers to retrieve and assemble the entire row. Row
chaining can be minimized by choosing a higher block size or by splitting the table
into multiple tables with fewer columns, if possible.

Note: Row migration and row chaining are covered in more detail in the course
Enterprise DBA Part 2: Performance and Tuning.
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Controlling Space Used by Tables

Changing Storage and Block Utilization
Parameters

ALTER TABLE sunmi t. enpl oyee
PCTFREE 30

PCTUSED 50

STORAGE( NEXT 500K

M NEXTENTS 2

MAXEXTENTS 100) ;
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Changing Storage and Block Utilization Parameters

Some of the storage parameters and any of the block utilization parameters can be
modified by using the ALTER TABLE command.

Syntax
ALTER TABLE [ schena.]tabl e
{[ storage-clause ]
[ PCTFREE i nt eger ]
[ PCTUSED i nt eger ]
[ I NITRANS i nt eger ]
[ MAXTRANS i nteger]}

Effects of Changing Storage Parameters

The parameters that can be modified and the implications of the modifications are as
follows:

« NEXT: When the Oracle server allocates another extent for the table, the new
value will be used. Subsequent extent sizes will increase by PCTINCREASE.
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Effects of Changing Storage Parameters (continued)

* PCTINCREASE: A change in PCTINCREASE will be registered in the data
dictionary. It will be used to recalculate NEXT when the next extent is allocated by
the Oracle server. Consider a case where a table with two extents has NEXT=10K
and PCTINCREASE=0. If PCTINCREASE is changed to 100, the third extent to
be allocated will be 10K, the fourth extent will be 20K, and so on.

* MINEXTENTS: The value of MINEXTENTS can be changed to any value that is
less than or equal to the current number of extents in the table. It will have no
immediate effect on the table, but will be used if the table is truncated.

* MAXEXTENTS: The value of MAXEXTENTS can be set to any value equal to or
greater than the current number of extents for the table.

Restrictions The value of INITIAL cannot be modified for a table.

The value of NEXT specified will be rounded to a value that is a multiple of the block
size greater than or equal to the value specified.

Block Utilization Parameters

Block utilization parameters may be changed to:

* Improve space utilization

* Minimize the possibility of migration

The effects of changing the block utilization parameters are as follows:

» PCTFREE: A change to PCTFREE will affect future inserts. Blocks that are not
used for inserts because they had already been filled to (100/PCTFREE) will not
be affected until they are back on the free list. They can only be placed on the free
list if their use drops below PCTUSED.

« PCTUSED: Any change to PCTUSED will affect all the blocks in the table. If a
row is updated or deleted, the block containing the row will be checked for its use
and reused for inserts if the use is below PCTUSED.

* INITRANS: A change to INITRANS affects only new blocks.

* MAXTRANS: A change to MAXTRANS will affect all blocks in the table.
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Controlling Space Used by Tables

1 Dracle Schema Manager SYSTEM@&v815
Object Tools Help
G Snapshots
i Storage
-] Synonyims
B JTable Types ~— ™ Explicit © Auto Calculation

cHTahles ~— Extents
Go-gm CTHEYS Initial Size:
E-m DEMO Mext Size:
- HANME Increase Size by

PR MDEYS Minimum Mumber:
E-g MTSEYS )
g OEM_REP - 5 U
M| — Space Usage
g ORDEYS 2l
B2 OUTLN - % Free: |1IZI % Used: |4D
HE SCOTT G| Mumber of Transactions

B ACCOUNT Initial: Maximumm: |255

~— Free Lists

Free Lists: Groups:

Maximum Number: O Unlimited @ Value 121

How to Use Oracle Enterprise Manager to Change Storage Parameters

1 Launch Schema Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Schema Manager

Enter the login information, and click OK.
Expand the Tables folder.

Expand the username (or schema).
Select the table.

Modify the values in the Storage tab of the property sheet. Note that the minimum
extents and initial number of transactions cannot be modified using this method.

7 Click Apply.

o 0B~ WN
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Manually Allocating Extents

ALTER TABLE summi t . enpl oyee
ALLOCATE EXTENT( SI ZE 500K
DATAFILE ‘/DISK3/DATA01.DBF’);
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Manually Allocating Extents

Extents may need to be allocated manually:

» To control the distribution of extents of a table across files

» Before loading data in bulk to avoid dynamic extension of tables

Syntax
Use the following command to allocate an extent to a table:

ALTER TABLE [schenma.]tabl e

ALLOCATE EXTENT [ ([SI ZE integer [K|M]

[ DATAFILE ‘filename’]) ]

If SIZE is omitted, the Oracle server will usethe NEXT_EXTENT size from
DBA_TABLES to alocate the extent.
Thefile specified in the DATAFILE clause must belong to the tablespace that the table
belongs to. Otherwise, the statement will generate an error. If the DATAFILE clauseis
not used, the Oracle server will alocate the extent in one of the filesin the tablespace
containing the table.
Note: The NEXT_EXTENT valuein DBA_TABLESwill not be affected by manual
extent allocation. The Oracle server will not recalculate the size of the next extent
when this command is executed.
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Nonpartitioned Table Reorganization

ALTER TABLE enpl oyee
MOVE TABLESPACE dat al;

®* Moves datainto a new segment while preserving
indexes, constraints, privileges, and so on, on the
table

* |s being used to move atable to a different
tablespace or to reorganize extents
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Relocating or Reorganizing a Table

Oracle8i provides the means of moving a nonpartitioned table without having to run

the Export or Import utility. Thisis useful when:

* Moving a table from one tablespace to another

* Reorganizing the table to eliminate row migration

After moving a table, you will have to rebuild the indexes to avoid the following error:
SQL> sel ect * fromenpl oyee where i d=23;
sel ect * fromenpl oyee where id=23
ERRCR at |ine 1:

ORA- 01502: index 'SUMM T. EMPLOYEE | D PK' or partition of such
index is in unusable state
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High-Water Mark

After inserts:

Extent ID 0 1 2 3 4
High-water

After deletes: mark

Extent ID 2 3 4

EO El
[___Jusedblock [____JUnused block [__] Free space

after delete
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What Is the High-Water Mark?

The high-water mark for a table indicates the last block that was ever used for the
table.

As data is inserted into the table, the high-water mark is moved to mark the last
block used.

The high-water mark is not reset when rows are deleted from the table.
The high-water mark is stored in the segment header of the table.

When the Oracle server performs full table scans, it reads all the blocks up to the
high-water mark.
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Finding the High-Water Mark:
DBMS_SPACE.UNUSED_SPACE

TOTAL_BLOCKS
|- -

UNUSED_BLOCKS

-
1 2 3 4

H E

Extent ID

High-water mark
LAST_USED_EXTENT_FILE_ID,
LAST_USED_EXTENT_BLOCK_ID
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How to Find the High-Water Mark

The DBMS_SPACE package contains a procedure that can be used to find the high-
water mark and the number of blocks above the high-water mark. Although this
information can be obtained from the data dictionary after analyzing the table, the
DBMS_SPACE package enables faster access to the information without affecting the
optimization behavior.

Syntax
The following PL/SQL block can be used to find and print the number of blocks
allocated to atable and the number of unused blocks:
SQL> DECLARE
v_owner VARCHAR2(30) :='SUM T
v_segnent _name VARCHAR2(30) :='EMPLOYEE ;
v_segnent _type VARCHAR2(30) :='TABLE ;
v_total _bl ocks NUMBER
v_total _bytes NUVBER
v_unused_bl ocks NUVBER
v_unused_byt es NUMBER;
v_l ast_used_extent _file_id NUMBER
v_l ast _used_extent _bl ock_i d NUVBER

© 00 ~NO O WDN

=
o
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Syntax (continued)
11 v_| ast _used_bl ock NUMBER,
12 BEG N
13 dbrs_space. unused_space(v_owner,
14 v_segnent nane,
15 v_segnent _type,
16 v_total bl ocks,
17 v_total bytes,
18 v_unused_bl ocks,
19 v_unused_byt es,
20 v_l ast _used_extent _file_id,
21 v_| ast _used_ext ent _bl ock_i d,
22 v_|l ast _used_bl ock

23 );
24 dbns_out put. put _line(lI Nl TCAP(v_segnent _type)| |’
"||v_owner||’.’|]|v_segnent _nane);

25 dbms_out put. put _line(’ Total Bl ocks :
"] | TO CHAR(v_total blocks));

26 dbms_out put. put _|ine(’ Bl ocks above HWM :
"| | TO_ CHAR(v_unused_bl ocks));

27 END,

28 /
St at enent processed.
Tabl e : SUW T. EMPLOYEE
Total Blocks : 25
Bl ocks above HWM: 23

Note: The DBMS_SPACE package is created when the dbnsuti | . sql and
prvtutil.plb scriptsareinvoked by cat proc. sql .
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Deallocation of Unused Space

Extent ID 2 3 4

0 1
Before
deallocation

ALTER TABLE sunmi t . enpl oyee
DEALLOCATE UNUSED;

High-water

mark
Extent ID 1 2 3 4 j

0
After
deallocation

[__Jusedblock [___JuUnused block [___] Free space

after delete
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Deallocation of Unused Space
If large extents have been allocated to a table, but have not been used fully, it is

possible to manually deallocate space from the table. The space thus released is
available for use by other segmentsin the tablespace.

Syntax
Use the following command to deallocate unused space for atable:

ALTER TABLE [schema.]tabl e

DEALLOCATE UNUSED [ KEEP integer [ K| M] ]
KEEP specifies the number of bytes above the high-water mark that should be
retained.
If the command is used without the KEEP clause, the Oracle server will deallocate all
unused space above the high-water mark. If the high-water mark is at an extent less
than the value of MINEXTENTS, the Oracle server will release extents above
MINEXTENTS.
Consider the examplein the slide. If MINEXTENTS for the tableis four or lower, the
Oracle server deallocates all unused blocks above the high-water mark, as shown.
Notice that the fifth extent (with ID=4) now contains only five blocks. If
MINEXTENTS sfivefor the table, the Oracle server does not have deallocated space
from the fifth extent.
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Syntax (continued)
Note

* Because deallocation of space using this command releases space unused within
an extent, frequent use of this command may lead to fragmentation of the space in
data files. To avoid this problem, set MINIMUM EXTENT for the tablespace.

* To release all the space below the high-water mark, even if the high-water mark is
below MINEXTENTS, use KEEP 0.
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Truncating a Table

TRUNCATE TABLE sunmi t . enpl oyee;

Extent ID 1

EO E
I 1 Freespace

High-water
mark
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Truncating a Table

Truncating atable deletes all rowsin atable and releases used space. The examplein
the slide assumes that the current MINEXTENTS setting for the tableis 2.

Syntax

TRUNCATE TABLE [schema.] table
[{DROP | REUSE} STORAGE]

The effects of using this command are as follows:

All rows in the table are deleted.

No rollback data is generated and the command commits implicitly because
TRUNCATE TABLE is a DDL command.

Corresponding indexes are also truncated.
A table that is being referenced by a foreign key cannot be truncated.
The delete triggers do not fire when this command is used.
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Syntax (continued)

» If the DROP clause, which is the default, is used:
— All extents except those specified by MINEXTENTS are deallocated.
— The high-water mark is reset to point to the first block in the table.

— The value of NEXT_EXTENT for the table is reset to the size of the extent
with the lowest extent ID that is deallocated—that is, if MINEXTENTS is 2,
NEXT_EXTENT size will be set to the size of the third extent of the table.

* You must specify the REUSE clause to retain all the space used by the table.
* The effect of REUSE or DROP cascades to the indexes.
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Dropping a Table

DROP TABLE sunmi t. depart nment
CASCADE CONSTRAI NTS;
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Dropping a Table
A table may be dropped if it isno longer needed or if it isto be reorganized.

Syntax
Use the following command to drop a table:

DROP TABLE [schena.] table
[ CASCADE CONSTRAI NTS]

When atable is dropped, the extents used by the table are released. If they are
contiguous, they may be coalesced either automatically or manually at alater stage.

Note: The CASCADE CONSTRAINTS option is necessary if the table is the parent
table in aforeign key relationship. This option is discussed in detail in the lesson
“Maintaining Data Integrity.”

How to Use Oracle Enterprise Manager to Drop a Table
Use Schema Manager.

Expand the Tables folder.

Expand the username (or schema).

Select the table.

Select Object—>Remove.

Select Yes in the dialog box.

o 01~ W NP
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Dropping a Column

Remove a column from a table

ALTER TABLE enpl oyee
DROP COLUWN conment s
CASCADE CONSTRAI NTS CHECKPQO NT 1000;

®* This removes the column length and data from
each row, freeing space in the data block.

* Dropping acolumnin a large table takes a
considerable amount of time.
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Removing a Column From a Table

Before Oracle8i, it was not possible to drop a column from a table. With Oracle8i, the
Oracle server enables you to drop columns from rowsin a table. Dropping columns
cleans unused and potentially space-demanding columns without having to export or
import data, and re-create indexes and constraints.

Dropping a column can take a significant amount of time because all the data for the
column is deleted from the table.

Using a Checkpoint When Dropping a Column
Dropping a column can be time-consuming and require a large amount of rollback
space. While dropping columns from large tables, checkpoints can be specified to
minimize the use of rollback space. In the example in the dlide, a checkpoint occurs
every 1,000 rows. The table is marked INVALID until the operation completes. If the
instance fails during the operation, the table remains INVALID on startup, and the
operation will have to be completed.
Use the following statement to resume an interrupted drop operation:

SQL> ALTER TABLE orders

DROP COLUMNS CONTI NUE;

Using this statment generates an error if thetableisinaVVALID state.
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Using the UNUSED Option

* Mark a column as unused

ALTER TABLE orders
SET UNUSED COLUMN comment s
CASCADE CONSTRAI NTS;

®* Drop unused columns

ALTER TABLE orders
DROP UNUSED COLUMNS CHECKPQO NT 1000;

® Continue to drop column operation

ALTER TABLE orders
DROP COLUMNS CONTI NUE CHECKPO NT 1000;
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Marking a Column as Unused

Instead of removing a column from atable, the column can be marked as unused and
then removed later. This has the advantage of being relatively quick, asit does not
reclaim the disk space because the data is not removed. Columns marked as unused
can beremoved at alater time from the table when there is less activity on the system.

Unused columns act as if they are not part of the table. Queries cannot see datafrom
unused columns. In addition, the names and data types of those columns are not
displayed when a DESCRIBE command is executed. A user can add a new column
with the same name as an unused column.

An example of setting a column to unused before dropping it would be if you want to
drop two columnsin the same table. When you drop two columns, all rowsin the table
are updated twice; if you set the columns to unused and then drop the columns, the
rows will only be updated once.
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Identifying Tables with Unused Columns

To identify tables with unused columns, you can query the view
DBA_UNUSED_COL_TABS. It obtains the names of tables that have unused
columns and the number of columns that are marked unused in them. The following
guery showsthat the table ORDERS owned by SUMMIT has one unused column:

SQ.> select * fromdba_unused_col tabs;

OANER TABLE_NANME COUNT

Restrictions on Dropping a Column

You cannot do the following:

* Drop a column from an object type table

» Drop columns from nested tables

» Drop all columns in a table

» Drop a partitioning key column

» Drop a column from tables owned by SYS

* Drop a parent key column

* Drop a column from an index-organized table if the column is a primary key
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Retrieving Table Information

Retrieving Table Information

DBA_OBJECTS DBA_TABLES
OWNER ]__[ OWNER
OBJECT_NAME TABLE_NAME
OBJECT_ID PCT_FREE
DATA_OBJECT_ID PCT_USED
CREATED INITIAL_EXTENT
NEXT_EXTENT
MIN_EXTENTS

MAX_EXTENTS
PCT_INCREASE

DBA_SEGMENTS CACHE

OWNER ]_ BLOCKS
SEGMENT_NAME EMPTY_BLOCKS
TABLESPACE_NAME CHAIN_CNT
HEADER_FILE TEMPORARY
HEADER_BLOCK DURATION
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Obtaining Data Dictionary Information

Information about tables can be obtained from the data dictionary. To obtain the data
object number and the location of the table header for all tables owned by SUMMIT,
use the following query:
SQL> SELECT t.table_nane, o.data_object_id,

2 s. header _file, s.header_ bl ock

3 FROM dba_t ables t, dba_objects o, dba_segnents s

4 WHERE t . owner =0. owner

5 AND t.tabl e_name=o0. obj ect _name
AND t . owner =s. owner
AND t.tabl e_nane=s. segnment _nane
AND t . owner="SUW T’ ;

0 N O

Enterprise DBA Part 1A: Architecture and Administration 11-41



Lesson 11: Managing Tables

Obtaining Data Dictionary Information (continued)

TABLE_NAME DATA_OBJECT | D HEADER FI LE HEADER BLOCK

CUSTOMER 12743 2 902
DEPARTMENT 12745 2 912
EMPLOYEE 12748 2 927
I MAGE 12751 2 942
I NVENTORY 12753 2 952
| TEM 12755 2 962
LONG_TEXT 12758 2 977
ORDERS 12760 2 987
PRODUCT 12762 2 997
REG ON 12765 2 1012
TI TLE 12768 2 1027
WAREHOUSE 12770 2 1037

12 rows sel ect ed.
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Retrieving Extent Information

DBA_EXTENTS
« OWNER
« SEGMENT_NAME
« EXTENT_ID
« FILE_ID
« BLOCK_ID
. BLOCKS
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Distribution of Space Allocated
The number of extents, their location, and their size can be obtained by querying
DBA_EXTENTS. The example below shows the number of extents and the total
blocks used by atable in each file in the database:
SQL> SELECT file_id, CONT(*) AS Extents, SUM bl ocks) AS Bl ocks

2 FROM dba_extents

3 WHERE owner=" SUW T’

4 AND segnent _nane=" EMPLOYEE

5 GROP BY file_ id;

FILE_I D EXTENTS BLOCKS

1 row sel ect ed.
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DBMS_ROWID Package

Commonly used functions:

Function Name Description

ROWID_CREATE Creates a ROWID from individual components
ROWID_OBJECT Returns the object identifier for a ROWID
ROWID_RELATIVE_FNO Returns the relative file number for a ROWID
ROWID_BLOCK_NUMBER Returns the block number for a ROWID
ROWID_ROW_NUMBER Returns the row number for a ROWID

ROWID_TO_ABSOLUTE_FNO | Returns the absolute file number for a ROWID

ROWID_TO_EXTENDED Converts a ROWID from restricted to extended

ROWID_TO_RESTRICTED Converts a ROWID from extended to restricted
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Getting ROWID Information

The Oracle server provides a package called DBMS _ROWID, which is created from
thedbnsutil . sql script, whichinturniscalled from cat proc. sql .

The package provides severa functions that can be used to convert between ROWID
formats and to trand ate between ROWID and itsindividual components. Some
examples of the uses of this package are shown in this section.

Getting ROWID Components
Use the following query to obtain the physical location of the rowsin atable:
SQ.> SELECT id, ROWND,
2 DBVS_ROW D. ROW D _CBJECT(RON D) AS OBJECT,
3 DBVS_ROW D. RON D_RELATI VE_FNOURON' D) AS "RELATI VE FI LE",
4 DBVMS_ROWN D. RON D_BLOCK_NUMBER(RON' D) AS BLOCK
5 FROM summi t . depart nent ;
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Getting ROWID Components (continued)

| D ROW D OBJECT RELATI VE FI LE BLOCK
10 AAADHIAACAAAACRAAA 12745 2 913
31 AAADHIAACAAAAORAAB 12745 2 913
32 AAADHIAACAAAACORAAC 12745 2 913
33 AAADHJAACAAAACRAAD 12745 2 913
34 AAADHIAACAAAAORAAE 12745 2 913
35 AAADHIJAACAAAACRAAF 12745 2 913
41 AAADHIAACAAAAORAAG 12745 2 913
42 AAADH] AACAAAACRAAH 12745 2 913
43 AAADH] AACAAAACRAAI 12745 2 913
44 AAADH] AACAAAACRAAJ 12745 2 913
45 AAADH] AACAAAACRAAK 12745 2 913
50 AAADHJAACAAAACRAAL 12745 2 913

12 rows sel ect ed.

Finding the Absolute File Number

The following query can be used to get the absolute file numbers for rowsin
SUMMIT.DEPARTMENT:
SQL> SELECT id, ROW D,
2 DBMS_ROW D. RON D_TO ABSOLUTE_FNO(ROW D, * SUW T’ ,’ DEPARTMENT’ )
AS " FI LE"
3 FROM sunmi t . departnent;
| D ROW D FI LE
10 AAADHJAACAAAACRAAA
31 AAADHIAACAAAACRAAB
32 AAADHIAACAAAACRAAC
33 AAADHI AACAAAACRAAD
34 AAADHI AACAAAACRAAE
35 AAADHI AACAAAACRAAF
41 AAADHIAACAAAACRAAG
42 AAADHI AACAAAAORAAH
43 AAADHI AACAAAACRAA

N NDNDNDNDNDNMNDNDNDNDNDN
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Finding the Absolute File Number (continued)

44 AAADHIAACAAAACRAAJ 2
45 AAADHIAACAAAACRAAK 2
50 AAADHIAACAAAACRAAL 2

12 rows sel ect ed.
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Summary

Summary

In this lesson, you should have learned how to:

* Create atable with appropriate storage and block
utilization parameters

* Control table storage
®* Usethe DBMS_ROWID package
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Quick Reference

Context Reference
Initialization parameters DB_BLOCK_SIZE

Dynamic initialization parameters |DB_FILE_MULTIBLOCK_READ_COUNT
Dynamic performance views None

Data dictionary views DBA_TABLES

DBA_SEGMENTS

DBA_OBJECTS

DBA_EXTENTS

Commands CREATE TABLE

CREATE GLOBAL TEMPORARY TABLE
ALTER TABLE ... STORAGE

ALTER TABLE ... PCTFREE ... PCTUSED
ALTER TABLE ... ALLOCATE EXTENT
ALTER TABLE ... DEALLOCATE UNUSED
TRUNCATE TABLE

DROP TABLE

ALTER TABLE ... DROP COLUMN

ALTER TABLE ... SET UNUSED COLUMN
ALTER TABLE ... DROP UNUSED COLUMNS
ALTER TABLE ... DROP COLUMNS CONTINUE
Packaged procedures and functions | DBMS_SPACE.UNUSED_SPACE
DBMS_ROWID
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Lesson 12: Managing Indexes

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* List the different types of indexes and their uses
®* C(Create B-tree and bitmap indexes

* Reorganize indexes

* Drop indexes

®* Getindex information from the data dictionary
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Overview

Classification of Indexes

* Logical
— Single column or concatenated
— Unique or nonunique
— Function-based
* Physical
— Partitioned or nonpartitioned
— B-tree
— Normal or reverse key
— Bitmap
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Classification of Indexes

Anindex isatree structure that allows direct accessto arow in atable. Indexes can be
classified based on their logical design or on their physical implementation. The
logical classification groups indexes from an application perspective, while the
physical classification is derived from the way the indexes are stored.

Single Column and Concatenated Indexes

A single column index has only one column in the index key—for example, an index
on the employee number column of an employee table.

A concatenated index, also known as a composite index, is created on multiple
columnsin atable. Columns in a concatenated index do not need to bein the same
order as the columns in the table, nor do they need to be adjacent—for example, an
index on the department and job columns of an employee table.

The maximum number of columns in acomposite key index is 32. However, the
combined size of al the columns cannot exceed roughly one-third of the data block
size.
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Unique and Nonunique Indexes

A unique index guarantees that no two rows of atable have duplicate valuesin the
column that defines the index. An index key in aunique index can point to only one
row in the table.

In a nonunique index, a single key can have multiple rows associated with it.

Function-Based Indexes

A function-based index is created when using functions or expressions that involve
one or more columns in the table being indexed. A function-based index precomputes
the value of the function or expression and stores it in the index. Function-based
indexes can be created as either a B-tree or a bitmap index.

Partitioned and Nonpartitioned Indexes

Partitioned indexes are used for large tablesto store index entries corresponding to an
index in several segments. Partitioning allows an index to be spread across many
tablespaces, decreasing contention for index lookup, and increasing manageability.
Partitioned indexes are often used with partitioned tables to improve scalability and
manageability. Anindex partition can be created for each table partition.

This lesson discusses the creation and maintenance of nonpartitioned B-tree and
bitmap indexes.
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B-Tree Index

Index entry

Branch

47 [1 Indexentry header
i Key column length
7722 Key column value
B8 ROWID
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Leaf

How Indexes Are Stored

Although al the indexes use a B-tree structure, the term B-tree index is usually
associated with an index that stores alist of ROWIDS for each key.

Structure of a B-Tree Index

At the top of theindex isthe root, which contains entries that point to the next level in
theindex. At the next level are branch blocks, which in turn point to blocks at the next
level in theindex. At the lowest level are the leaf nodes, which contain the index
entries that point to rows in the table. The leaf blocks are doubly linked to facilitate
scanning the index in an ascending as well as descending order of key values.

Format of Index Leaf Entries
An index entry is made up of the following components:
* An entry headewhich stores number of columns and locking information

* Key column length-value pairgshich define the size of a column in the key
followed by the value for the column (The number of such pairs is a maximum of
the number of columns in the index.)

* ROWID of a row, which contains the key values
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Index Leaf Entry Characteristics
In a B-tree index on a nonpartitioned table:
* Key values are repeated if there are multiple rows that have the same key value.

» There is no index entry corresponding to a row that has all key columns that are
NULL.

* Restricted ROWID is used to point to the rows of the table, since all rows belong
to the same segment.

Effect of DML Operations on an Index

The Oracle server maintains all the indexes when DML operations are carried out on
the table. Here is an explanation of the effect of a DML command on an index:

* Insert operations result in the insertion of an index entry in the appropriate block.

» Deleting a row results only in a logical deletion of the index entry. The space used
by the deleted row is not available for new entries until all the entries in the block
are deleted.

* Updates to the key columns result in a logical delete and an insert to the index. The
PCTFREE setting has no effect on the index except at the time of creation. A new
entry may be added to an index block even if it has less space than that specified
by PCTFREE.
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Reverse Key Index

Index on EMPLOYEE (ID) EMPLOYEE table

KEY  ROND
ID FIRST_NAVE JOB

ID (BLock# RO FILE®) | |----- -oeeeees aeeeeee-
........................ 7499  ALLEN SALESMAN
1257  0000000F. 0002. 0001 7369 SMTH CLERK
2877  0000000F. 0006. 0001 7521  WARD SALESMAN
4567  0000000F. 0004. 0001 7566  JONES MANAGER
6657  0000000F. 0003. 0001 7654 MARTIN SALESMAN
8967  0000000F. 0005. 0001 »| 7698  BLAKE MANAGER
9637  0000000F. 0001. 0001 {7782  CLARK MANAGER

9947 0000000F. 0000. 0001
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Reverse Key Indexes

In contrast to aregular B-tree index, areverse key index reverses the bytes of each
column indexed (except the ROWID) while keeping the column order. When inserting
records on an ascending key, such as a system-generated employee number, 1/0
bottlenecks can occur on the index because all index updates occur at the same place
in the index tree. Reverse key indexes spread the distribution of index updates across
the index tree by reversing the data value of the index key.

For example, on insert of employee number 7698 in the table, akey value of 8967 is
stored in theindex. Asthe next employee number 7782 is entered, an index entry is
made for 2877, thereby spreading the work load across multiple index blocks.

Reverse key indexes are useful only for queries that contain equality predicates.

Because lexically adjacent keys are not stored next to each other in areverse key
index, range searches cannot be performed using such an index.
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Creating Function-Based Indexes

* Dramatically improves query performance

CREATE | NDEX summit.item quantity_to_deliver_idx
ON sunmit.iten(quantity - quantity_shi pped);

®* Queries using expressions can use the index

SELECT ord_id, itemid
FROM | TEM
WHERE (quantity - quantity_shi pped) > 0;
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Function-Based Indexes

Function-based indexes provide an efficient mechanism for evaluating statements that
contain functionsin their WHERE clauses. A function-based index can be created to
materialize computational-intensive expressions in the index, so that the Oracle server
does not need to compute the value of the expression when processing SELECT and
DELETE statements. When processing INSERT and UPDATE statements, however,
the Oracle server must still evaluate the function to process the statement.

A function-based index can be created with either a B-tree or bitmap index structure.
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File 3
Block 10

Table

Block 11

Block 12

start end

Index
/- !
“!’_J key ROWID ROWID bitmap
I

<Blue, 10.0.3, 12.8.3, 1000100100010010100>

» <G een, 10.0.3, 12.8.3, 0001010000100100000>
» <Red, 10.0.3, 12.8.3, 0100000011000001001>
3 <Yel low, 10.0.3, 12.8.3, 0010001000001000010>
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Bitmap Indexes
Bitmap indexes are more advantageous than B-tree indexesin certain situations:

When a table has millions of rows and the key columns have low cardirikty

IS, there are very few distinct values for the column. For example, bitmap indexes

may be preferable to B-tree indexes for the gender and marital status columns of a
table containing passport records.

When queries often use a combination of multiple WHERE conditions involving
the OR operator.

When there is read-only or low update activity on the key columns.

Structure of a Bitmap Index

A bitmap index is also organized as a B-tree, but the leaf node stores a bitmap for each
key value instead of a list of ROWIDS. Each bit in the bitmap corresponds to a
possible ROWID, and if the bit is set, it means that the row with the corresponding
ROWID contains the key value.

As shown in the diagram, the leaf node of a bitmap index contains the following:

An entry headeigontaining the number of columns and lock information

Key values consisting of length and value pairs for each key column (In the
example, the key consists of only one column, and the first entry has a key value of
Blue.)
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Structure of a Bitmap Index (continued)

» Start ROWID, which in the example contains a file number 3, a block number 10,
and a row number O

* End ROWID, which in the example includes a block number 12 and a row
number 8

* A bitmap segmentonsisting of a string of bits (The bit is set when the
corresponding row contains the key value and is unset when the row does not
contain the key value. The Oracle server uses a patented compression technique to
store bitmap segments.)

The start ROWID is the ROWID of the first row pointed to by the bitmap segment of
the bitmap-that is, the first bit of the bitmap corresponds to that ROWID, the second

bit of the bitmap corresponds to the next row in the block, and the end ROWID isa

pointer to the last row in the table covered by the bitmap segment. Bitmap indexes use
restricted ROWIDs.

Using a Bitmap Index

The B-treeis used to locate the |eaf nodes that contain bitmap segments for a given
value of the key. Start ROWID and the bitmap segments are used to locate the rows
that contain the key value.

When changes are made to the key column in the table, bitmaps must be modified.
Thisresultsin locking of the relevant bitmap segments. Because locks are acquired on
the whole bitmap segment, arow that is covered by the bitmap cannot be updated by
other transactions until the first transaction ends.
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Comparing B-Tree and
Bitmap Indexes

B-tree Bitmap

Suitable for high-cardinality | Suitable for low-cardinality
columns columns

Updates on keys relatively | Updates to key columns very

inexpensive expensive

Inefficient for queries Efficient for queries

using OR predicates using OR predicates

Useful for OLTP Useful for data warehousing
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Comparing B-Tree and Bitmap Indexes

Bitmap indexes are more compact than B-tree indexes when used with
low-cardinality columns.

Updates to key columns in a bitmap index are more expensive because bitmaps use
bitmap-segment-level locking, whereasin a B-tree index, locks are on entries
corresponding to individual rows of the table.

Bitmap indexes can be used to perform operations such as Bitmap OR—that is, the
Oracle server can use two bitmap segments to perform a bitwise OR and get a
resulting bitmap. This allows efficient use of bitmaps in queries that use the OR
predicate.

In summary, B-tree indexes may be more suitable in an OLTP environment for
Indexing dynamic tables, whereas bitmap indexes may be useful in data warehouse
environments where complex queries are used on large, static tables.
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Creating Indexes

Creating Normal B-Tree Indexes

CREATE | NDEX summi t. enpl oyee_| ast _nane_i dx
ON sunmmi t. enpl oyee(| ast _nane)

PCTFREE 30

STORAGE( | NI TI AL 200K NEXT 200K

PCTI NCREASE 0 MAXEXTENTS 50)

TABLESPACE i ndx;
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Creating Normal B-Tree Indexes

An index can be created either in the account of the user who ownsthetableor in a
different account, although it is generally created in the same account as the table.

Syntax

Use the following command to create a B-tree index:
CREATE [ UNI QUE ]I NDEX [ schema.] index
ON [schena.] table
(colum [ ASC| DESC] [ , colum [ASC| DESC] ] ...)
[ TABLESPACE t abl espace ]

[ PCTFREE i nt eger ]

[ INITRANS int eger ]

[ MAXTRANS i nt eger ]

[ storage-clause ]

[ LOGA NG NOLOGAE NG ]

[ NCSORT]
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Syntax (continued)

UNIQUE is used to specify a unique index
(Nonunique is the default.)

schema Is the owner of the index/table

index IS the name of the index

table is the name of the table

column is the name of the column

ASC/ DESC Isprovided for syntactic compatibility with
other databases

TABLESPACE identifies the tablespace where the index
will be created

PCTFREE isthe amount of space reserved in each
block (in percentage of total space minus
the block header) at thetime of creation for
accommodating new index entries

INITRANS specifies the number of transaction entries
preallocated in each block
(The default and the minimum value is 2.)

MAXTRANS limitsthe number of transaction entriesthat
can be allocated to each block
(The default is 255.)

Storage-clause identifiesthe storage clausethat determines
how extents are allocated to the index

LOGGING specifies that the creation of the index and
subsequent operations on the index are
logged in the redo log file
(Thisisthe default.)

NOLOGGING specifiesthat the creation and certain types
of dataloads are not logged in theredo log
file

NOSORT specifiesthat the rows are stored in the

database in ascending order, and therefore,
the Oracle server does not have to sort the
rows while creating the index
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Syntax (continued)
Note

If MINIMUM EXTENT has been defined for the tablespace, the extent sizes for
the index are rounded up to the next higher multiple of the MINIMUM EXTENT
value.

If the LOGGING or NOLOGGING clause is omitted, the logging attribute of the
index defaults to the logging attribute of the tablespace in which it resides.

PCTUSED cannot be specified for an index. Because index entries must be stored
in the correct order, the user cannot control when an index block is used for inserts.

If the NOSORT keyword is used when the data is not sorted on the key, the
statement terminates with an error. This option is likely to fail if the table has had
several DML operations on it.

The Oracle server uses existing indexes to create a new index, if possible. This
happens when the key for the new index corresponds to the leading part of the key
of an existing index.
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How to Use Oracle Enterprise Manager to Create an Index

1 Launch Schema Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Schema Manager

Enter the login information, and click OK.

Select Object->Create.

Select Index from the list of values and then click OK.

Enter General, Storage, and Options information in the property sheet.
Click Create.

While using Schema M anager, the user a so has the option to let the tool automatically
define the storage and block utilization parameters based on an estimate of the initial
volume, the growth rate, the insert activity on the table, and the order in which rows
areinserted.

o 0B~ WN
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Creating Indexes: Guidelines

®* Balance query and DML needs
®* Place in separate tablespace

®* Use uniform extent sizes: Multiples of five blocks
or MINIMUM EXTENT size for tablespace

®* Consider NOLOGGING for large indexes

® Set high PCTFREE if new key values are likely to
be within the current range
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Guidelines When Creating Indexes
Consider the following while creating an index:

Indexes speed up query performance and slow down DML operations. Always
minimize the number of indexes needed on volatile tables.

Place indexes in a separate tablespamein a tablespace that has rollback
segments, temporary segments, and tables.

To minimize fragmentation, use a few standard extent sizes that are multiples of
5 x DB_BLOCK_SIZE.

There could be significant performance gain for large indexes by avoiding redo
generation. Consider using the NOLOGGING clause for creating large indexes.

Because index entries are smaller compared to the rows they index, index blocks
tend to have more entries per block. For this reason, INITRANS should generally
be higher on indexes than on the corresponding tables.

Indexes and PCTFREE

The PCTFREE parameter for an index works differently from that of a table. This
parameter is used only during creation of the index to reserve space for index entries
that may need to be inserted into the same index block. Index entries are not updated.
When a key column is updated, this involves a logical delete of the index entry and an
insert.
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Indexes and PCTFREE (continued)

Use alow PCTFREE for indexes on columns that are monotonically increasing, such

as a system-generated invoice number. In these cases, new index entries are always

appended to the existing entries and there is no need to insert anew entry between two

existing index entries.

Where the value for an indexed column of an inserted row can take on any value—that
is, the new value can fall within the current range of vahyes should provide for a

higher PCTFREE. An example of an index requiring a high PCTFREE is an index on

the customer code column of an invoice table. In this case, it is useful to specify a

value of PCTFREE as indicated by the following equation:

Maximum number of rows — Initial number of rows % 100
Maximum number of rows

The maximum value can refer to a specific time period, such as ayear.
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Creating Reverse Key Indexes

CREATE UNI QUE | NDEX summit.orders_id_idx
ON summi t . orders(id) REVERSE

PCTFREE 30

STORAGE(| NI TI AL 200K NEXT 200K

PCTI NCREASE 0 MAXEXTENTS 50)
TABLESPACE i ndx;
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Syntax
Use the following command to create a reverse key index:
CREATE [ UNI QUE ]I NDEX [schema.] index
ON [schena.] table
(colum [ ASC| DESC] [ , colum [ASC| DESC] ] ...)
[ TABLESPACE t abl espace ]
[ PCTFREE i nt eger ]
| Nl TRANS i nt eger |
MAXTRANS i nt eger |
st or age- cl ause |
LOGE NG NOLOGE NG ]
REVERSE
The command for creating areverse key index is similar to that for regular indexes,

except that the keyword REVERSE is used. Notice that the NOSORT keyword cannot
be used for reverse key indexes.

[
[
[
[
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Creating Bitmap Indexes

Use the parameter CREATE_BITMAP_AREA_SIZE to
specify the amount of memory allocated for bitmap
creation.

CREATE Bl TMAP | NDEX orders_regi on_id_i dx
ON sunmmi t. orders(region_id)

PCTFREE 30

STORAGE( | NI TI AL 200K NEXT 200K

PCTI NCREASE 0 MAXEXTENTS 50)
TABLESPACE i ndx;
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Syntax
Use the following command to create a bitmap index:
CREATE BI TMAP | NDEX [ schema.] index
ON [schena.] table
(colum [ ASC| DESC] [ , columm [ASC| DESC] ] ...)
[ TABLESPACE t abl espace ]
[ PCTFREE i nt eger ]
[ INITRANS int eger ]
[ MAXTRANS i nt eger ]
[ storage-clause ]
[ LOGE NG NOLOGAE NG ]
[ NOSORT ]
Notice that a bitmap index cannot be unique.
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CREATE_BITMAP_AREA_SIZE

Theinitialization parameter CREATE_BITMAP_AREA _SIZE determines the amount
of space that will be used for storing bitmap segmentsin memory. The default valueis
8 MB. A larger value may lead to afaster index creation. If cardinality isvery small,
thisvalue can be set to a small value. For example, if cardinality isonly 2, then the
value can be in the order of kilobytes rather than megabytes. As a generd rule, for a
higher cardinality, more memory is needed for optimal performance.

&7 Create Index - systemi@v815 E

General

H;H Marme:

Schema: [SUMMIT

Tablespace: [IND}{

— Index On: ™ Table O Cluster

Schema: [ SUMMIT
Table:  |CUSTOMER

Table Columns
ADDREESS
CITY
COMMEMNTS
COUNTRY
CREDIT_RATING
1]

MAME

PHOME
REGION_ID
SALES_REP_ID

~— Cptions

[ Unique & Bitmap [ Unsorted [ Reverse [ Mo Logging
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How to Use Oracle Enterprise Manager to Create a Bitmap Index

1 Launch Schema Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Schema Manager

Enter the login information, and click OK.
Select Object->Create.
Select Index from the list of values and then click OK.

Enter General, Storage, and Options information in the property sheet, and make
sure that the Bitmap option is selected in the General tab.

6 Click Create.

ga b~ W N
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Reorganizing Indexes

Changing Storage Parameters for Indexes

ALTER | NDEX sunmmi t . enpl oyee_| ast _nane_i dx
STORAGE( NEXT 400K
MAXEXTENTS 100) ;
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Changing Storage Parameters for Indexes

Some of the storage parameters and block utilization parameters can be modified by
using the ALTER INDEX command.

Syntax
ALTER | NDEX [ schena. ] i ndex
[ storage-clause ]
[ INITRANS int eger ]
[ MAXTRANS i nt eger ]
The implications of changing the storage parameters for an index are the same as the

implications of changing them for atable. A common use of this change is to increase
the MAXEXTENTS for an index.

Block utilization parameters may be changed to guarantee higher levels of
concurrency on an index block.
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How to Use Oracle Enterprise Manager to Change Storage Parameters

1

o 0B~ WN

Launch Schema Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Schema Manager

Enter the login information, and click OK.
Expand the Indexes folder.

Expand the username (or schema).
Select the index.

Modify the values in the Storage tab of the property sheet. Note that minimum
extents cannot be modified using this method.

Click Apply.
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Allocating and Deallocating Index Space

ALTER INDEX summit.orders_region_id_idx
ALLOCATE EXTENT (SIZE 200K
DATAFILE ‘/DISK6/indx01.dbf");

ALTER INDEX summit.orders_id_idx
DEALLOCATE UNUSED;
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Manual Allocation of Space to an Index

It may be necessary to add extents to an index before a period of high insert activity on
atable. Adding extents prevents dynamic extension of indexes and the resulting
degradation in performance.

Manual Deallocation of Space from an Index

Use the DEALLOCATE clause of the ALTER INDEX command to release unused
space above the high-water mark in an index.

Syntax
Use the following command to allocate or deallocate index space:
ALTER | NDEX [ schena. ] i ndex
{ ALLOCATE EXTENT ([SI ZE i nteger [K| M]
[ DATAFILE ‘filename’])
| DEALLOCATE UNUSED [KEEP integer [KIM]]}

Manual allocation and deallocation of space for an index follow the samerules as
those that are used when using these commands against atable.

Note: Index space is deallocated when the table on which the index built is truncated.
Truncating atable results in truncation of the associated index.
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Rebuilding Indexes

Use the ALTER INDEX command to:
®* Move an index to a different tablespace

* Improve space utilization by removing deleted
entries

®* Change areverse key index to a normal B-tree
index and vice versa

ALTER | NDEX sunmi t.orders_region_i d_i dx REBU LD
TABLESPACE i ndx02;
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Rebuilding Indexes
Index rebuilds have the following characteristics:
* A new index is built using an existing indexes as the data source.

» Sorts are not needed when an index is built using an existing index, resulting in
better performance.

* The old index is deleted after the new index is built. During the rebuild, sufficient
space is needed to accommodate both the old and the new index in their respective
tablespaces.

* The resulting index does not contain any deleted entries. Therefore, this index uses
space more efficiently.

* Queries can continue to use the existing index while the new index is being built.

Possible Rebuild Situations
Rebuild an index in the following situations:

* The existing index needs to be moved to a different tablespace. This may be
necessary if the index is in the same tablespace as the table or if objects need to be
redistributed across disks.
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Possible Rebuild Situations (continued)

* Anindex contains many deleted entries. This is a typical problem with sliding
indexes, such as an index on the order number of an orders table, where completed
orders are deleted and new orders with higher numbers are added to the table. If a
few old orders are outstanding, there may be several index leaf blocks with all but
a few deleted entries.

* An existing normal index needs to be converted into a reverse key index. This may
be the case when migrating applications from an earlier release of the Oracle
server.

* The table of the index has been moved to another tablespace using the ALTER
TABLE ... MOVE TABLESPACE command.

Syntax

Use the following command to rebuild an index:
ALTER | NDEX [ scherma.] index REBU LD
[ TABLESPACE t abl espace ]
[ PCTFREE i nt eger ]
[ INITRANS int eger ]
[ MAXTRANS i nt eger ]
[ storage-clause ]

[ LOGE NG NOLOGE NG |

[ REVERSE | NOREVERSE ]

The ALTER INDEX ... REBUILD command cannot be used to change a bitmap index

to B-tree and vice versa. The REVERSE or NOREVERSE keyword can only be
specified for B-tree indexes.
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Online Rebuild of Indexes

Rebuilding indexes can be done with minimal table
locking.

ALTER | NDEX sunmit.orders_id_i dx REBU LD ONLI NE;
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Rebuilding Indexes Online

Building or rebuilding an index can be atime-consuming task, especialy if thetableis
very large. Before Oracle8, creating or rebuilding indexes required alock on the table
and prevented concurrent DML operations.

Oracle8i offers amethod of creating or re-creating an index while allowing concurrent
operations on the base table, but performing large DML operations during this
procedure is not recommended.

Note: There are still DML locks, which means you cannot perform other DDL
operations during an online index build.

Restrictions
* You cannot rebuild an index on a temporary table.

* You cannot rebuild an entire partitioned index. You must rebuild each partition or
subpartition.

* You cannot also deallocate unused space.
* You cannot change the value of the PCTFREE parameter for the index as a whole.
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Coalescing Indexes

/ \ / \
\ 1\

Before coalescing After coalescing

ALTER | NDEX summi t.orders_id_i dx CQALESCE;
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Coalescing Indexes

When you encounter index fragmentation, you can rebuild or coalesce the index.
Before you perform either task, you should consider the cost and benefits of each
option and choose the one that works best for your situation.
In situations where you have B-treeindex leaf blocks that can be freed up for reuse,
you can merge those leaf blocks using the following SQL statement:

SQL> ALTER | NDEX sumi t. orders_i d_i dx COALESCE;
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Dropping Indexes

Dropping Indexes

« Drop and re-create an index before bulk loads.

« Drop indexes that are infrequently needed and build
them when necessary.

« Drop and re-create invalid indexes.

DROP | NDEX sunmi t. deptart ment _nane_i dx;
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When Should Indexes Be Dropped?
Indexes may need to be dropped in the following scenarios:

An index that is no longer needed by applications can be removed.

An index may be dropped prior to performing bulk loads. Dropping indexes prior
to large data loads and re-creating them after the load:

— Improves performance of the load

— Uses index space more efficiently

Indexes that are used only periodically do not need to be maintained unnecessarily,
especially if they are based on volatile tables. This is generally the case in an

OLTP system, where ad hoc queries are generated at year-end or quarter-end to
gather information for review meetings.

An index may be marked INVALID when there is an instance failure during
certain types of operations such as loading. In this case, the index needs to be
dropped and re-created.

The index is corrupt.

Syntax
Use the following command to drop an index:

DRCP | NDEX [ schema.] i ndex
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How to Use Oracle Enterprise Manager to Drop an Index

1

N o o~ 0N

Launch Schema Manager and connect directly to the database:
Start—>Programs—>OracleEMV2 Home—>DBA Management Pack
—>Schema Manager

Enter the login information, and click OK.
Expand the Indexes folder.

Expand the username (or schema).
Select the index.

Select Object->Remove.

Select Yesin the dialog box.

Note: Anindex cannot be dropped if it is used to implement an integrity constraint
that is enabled. Constraints are discussed in the lesson “Maintaining Data Integrity.”
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Obtaining Index Information

Obtaining Index Information

/DBA_INDEXES h /DBA_IND_COLUMNS N
OWNER ']_[' INDEX_OWNER
INDEX_NAME - = INDEX_NAME
INDEX_TYPE TABLE_OWNER
TABLE_OWNER TABLE_NAME
TABLE_NAME COLUMN_NAME
UNIQUENESS COLUMN_POSITION
TABLESPACE_NAME COLUMN_LENGTH
LOGGING
STATUS

N NG %
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Views to Obtain Index Information

The data dictionary views DBA_INDEXES and DBA_IND_COLUMNS give the
information on the indexes and the columns indexed.

Checking Indexes and Their Validity
Use the following command to verify the name, type, and status of the indexes owned
by the user SUMMIT:
SQ.> SELECT i ndex_nane, tabl espace_nare, index_type,
2 uni queness, status
3 FROM dba_i ndexes
4 WHERE owner="SUM T ;

I NDEX_NAME TABLESPACE_NAME | NDEX_TYPE UNI QUENES STATUS
EMPLOYEE_LAST_.. | NDX NORVAL NONUNI QUE VALI D
CRDERS_| D | DX I NDX NORVAL UNI QUE VALI D
CRDERS_REG ON .. | NDX02 Bl TVAP NONUNI QUE VALI D

3 rows sel ect ed.
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Checking Indexes and Their Validity (continued)

The column INDEX_TY PE indicates whether the index is bitmap or normal.

Use the following query to list the names of all reverse key indexes:
SQ_> SELECT o. obj ect _nane

FRCM dba_obj ects o

WHERE owner =" SUWM T

AND 0. obj ect_id IN (SELECT i . obj #

FROM i nd$ i

WHERE Bl TAND(i . property, 4) = 4);

CBJECT_NAVE

CRDERS | D_| DX

1 row sel ect ed.

o o1k WN

Finding Columns in an Index

The following query lists al the indexes owned by the user SUMMIT and shows the
tables and columns on which the indexes are built:

SQ_> SELECT i ndex_nane, table owner, table nane, col umn_nane
2 FROM dba_ind_col ums
3 WHERE i ndex_owner = 'SUW T’
4 ORDER BY i ndex_nane, col um_position;

I NDEX_NAME TABLE_OMER TABLE_NAVE CCOLUVN_NAME
EMPLOYEE_LAST_NAME. . SUMWM T EMPLOYEE LAST_NAME
CRDERS_| D | DX SUM T CRDERS ID

CRDERS REGON ID.. SUW T CRDERS REG ON_ID

3 rows sel ect ed.
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Summary

Summary

In this lesson, you should have learned how to:

* Create different types of indexes

®* Reorganize indexes

* Drop indexes

®* Getindex information from the data dictionary
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Quick Reference

Context Reference

Initialization parameters CREATE_BITMAP_AREA_SIZE

Dynamic performance views None

Data dictionary tables/views DBA_INDEXES
DBA_IND_COLUMNS
DBA_OBJECTS
IND$
INDEX_STATS

Commands CREATE INDEX
CREATE UNIQUE INDEX
CREATE BITMAP INDEX
CREATE INDEX ... REVERSE
ALTER INDEX ... STORAGE
ALTER INDEX ... INITRANS... MAXTRANS
ALTERINDEX ... ALLOCATE EXTENT
ALTER INDEX ... DEALLOCATE UNUSED
ALTER INDEX .... REBUILD
ALTERINDEX .... REBUILD ... REVERSE
ALTER INDEX .... REBUILD ... NOREVERSE
ANALYZE INDEX ... VALIDATE STRUCTURE
DROP INDEX

Packaged procedures and None

functions
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Lesson 13: Maintaining Data Integrity

Objectives

Objectives

After completing this lesson, you should be able to
do the following:

* Implement data integrity constraints
* Maintain integrity constraints

* (Obtain constraint information from the data
dictionary
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Overview

Overview

Data Integrity

Database Integrity
trigger constraint
Data

\ 4

Application
code

Table
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Methods to Guarantee Data Integrity

Data integrity guarantees that data in a database adheres to business rules. There are
three primary ways in which data integrity can be maintained:

* Application code

» Database triggers

* Declarative integrity constraints

Mapping the business rules using one of the three methods is a design decision made
by the designer. The database administrator is primarily concerned with implementing
the methods chosen by the designer and balancing the performance needs against
Integrity requirements.

Application code may be implemented either as stored procedures within the database
or as applications running on the client. This lesson focuses on the use of database
triggers and integrity constraints.
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Database Triggers

Database triggers are PL/SQL programs that are executed when a certain event such as

an insert or an update of a column occurs on atable. Triggers can be enabled or

disabled—that is, they can be set to execute when the event occurs, or they can be set
not to execute even though they are defined. Database triggers are usually created only
to enforce a complex business rule that cannot be defined as an integrity constraint.

Note: Database triggers are covered in other Oracle courses

Integrity Constraints
Integrity constraints are the preferred mechanism for enforcing business rules because
they:

Provide improved performance

Are easy to declare and modify—because they do not require extensive coding
Centralize rules

Are flexible (enabled or disabled)

Are fully documented in the data dictionary

The following sections explain the behavior of integrity constraints and discuss how
they are implemented by the Oracle server.
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Integrity Constraints

Types of Constraints

Constraint Description

NOT NULL Specifies that a column cannot contain null
values

UNIQUE Designates a column or combination of

columns as unique

PRIMARY KEY | Designates a column or combination of
columns as the table’s primary key

FOREIGN KEY | Designates a column or combination of
columns as the foreign key in a referential
integrity constraint

CHECK Specifies a condition that each row of the
table must satisfy
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Types of Constraints
Asshown in the dide, there are five types of declarative integrity constraints.

Although the NOT NULL and CHECK constraints do not directly require DBA
attention, the primary key, unique, and foreign key constraints must be managed to
ensure high availability and acceptable performance levels.
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Constraint States

Disabled Disabled Enabled Enabled
novalidate validate novalidate validate

) 9 ¢

YRR YR Y
O wwina [ cosivo saa
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Constraint States

An integrity constraint can be in one of the following states:
« Disabled novalidate

« Disabled validate

« Enabled novalidate or enforced

« Enabled validate

Disabled Novalidate A constraint that is disabled novalidate is not checked, even
though the constraint definition is still stored in the data dictionary. Data in the table,
as well as new data that is entered or updated, may not conform to the rules defined by
the constraint. This is the normal state of operation of a constraint for online
transaction processing.

Disabled Validate If a constraint is in this state, then any modification of the
constrained columns is not allowed. In addition, the index on the constraint is dropped
and the constraint is disabled.

For a unique constraint, the disable validate state enables you to load data efficiently
from a nonpartitioned table into a partitioned table using the EXCHANGE
PARTITION option of the ALTER TABLE command.

Note: Partitioned tables are not covered in this course.

13-6 Enterprise DBA Part 1A: Architecture and Administration



Integrity Constraints

Constraint States (continued)

Enabled Novalidate (Enforced) If aconstraint is enabled novalidate, new data that
violates the constraint cannot be entered. However, the table may contain datathat is
invalid—that is, data that violates the constraint. This is usually an intermediate stage
that ensures that all new data is checked before being accepted into the table.

Enabled Validate If a constraint is in this state, then all data in the table is
guaranteed to adhere to the constraint. In addition, this state prevents any invalid data
from being entered. This is the normal state of operation of a constraint for online
transaction processing.

When a constraint changes to enabled validate from a disabled state, the table is locked
and all data in the table is checked for conformity. This may cause DML operations
such as a data load to wait, so it is advisable to move first from a disabled state to
enable novalidate, and then to enable validate.
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Deferred Constraints

DML statement

Check nondeferred

— constraints
F

=\

Q COMMIT
2 Check deferred
— R constraints
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Deferred Constraints

You can control the point in a transaction at which a constraint is checked can be
controlled by defining the constraint appropriately.

Nondeferred or Immediate Constraints

Nondeferred constraints, also known asimmediate constraints, are enforced at the end
of every DML statement. A constraint violation causes the statement to be rolled back.
If a constraint causes an action such as del ete cascade, the action istaken as part of the
statement that caused it.

A congtraint that is defined as nondeferrable cannot be modified to be enforced at the
end of atransaction.

Deferred Constraints

Deferred constraints are constraints that are checked only when atransaction commits.
If any constraint violations are detected at commit time, the entire transaction isrolled
back. These constraints are most useful when both the parent and child rowsin a
foreign key relationship are entered at the same time, as in the case of an order entry
system, where the order and the items in the order are entered at the same time.
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Deferred Constraints (continued)

For a constraint to be deferred, it must be defined as a deferrable constraint at the time

of creation. A constraint that is defined as deferrable can be specified as one of the

following:

* Initially immediate specifies that by default it should function as an immediate
constraint, unless explicitly set otherwise.

* Initially deferred specifies that by default the constraint should only be enforced at
the end of the transaction.
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Defining Constraints as
Immediate or Deferred

Use the command ALTER SESSION or SET
CONSTRAINTS to set the mode for your constraint.

ALTER SESSI ON
SET CONSTRAINT[S] =
{1 MVEDI ATE| DEFERRED| DEFAULT} ;
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Changing the Enforcement of Constraints

Although the default mode of enforcement of a deferrable constraint is specified and
stored in the data dictionary, applications can modify the constraint to work as either
deferred or immediate. Thisis accomplished by using either an ALTER SESSION
command or a SET CONSTRAINT command:
ALTER SESSI ON
SET CONSTRAINT[ §] =
{| MVEDI ATE| DEFERRED| DEFAULT}

SET CONSTRAI NT[ §]
{constraint [, constraint ]...
| ALL }
{1 MMEDI ATE| DEFERRED}
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Primary and Unique Key Enforcement

Is an inde
available
for use?

Yes

Key enabled?

A

Use existing
index

Constraint
deferrable?

No
\ 4 A
Do not use Create unique Create nonunique
index index index
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How to Enforce Primary and Unique Key Constraints

Primary and unique keys are enforced using indexes. You can control the location and

type of index that is used for enforcing these constraints.

The Oracle server uses the following procedure to implement unique and primary key

constraints:

» If the constraint is disabled, no indexes are needed.

» If the constraint is enabled and the columns in the constraint form the leading part
of an index, the index will be used to enforce the constraint.

» If the constraint is enabled and there is no index that uses the constraint columns as
a leading part of the index, an index with the same name as the constraint is created
using the following rules:

— If the key is deferrable, a nonunique index on the key column is created.

— If the key is nondeferrable, a unique index is created.
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Foreign Key Considerations

Desired Action Appropiate Solution

Drop parent table Cascade constraints

Truncate parent table Disable or drop foreign key
Drop tablespace Use CASCADE CONSTRAINTS

containing parent table clause

Avoid locks on child Create index on foreign key
table while performing
DML on parent table

Perform DML on child Ensure tablespace containing
table parent key index online
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Considerations When Using Foreign Key Constraints

You need to consider several factors in maintaining tables that are in aforeign key
relationship.

DDL Involving Parent Table

» The foreign key must be dropped before dropping the parent table. Use the
following command to perform both actions using a single statement:
DROP TABLE tabl e CASCADE CONSTRAI NTS

* The parent table cannot be truncated without dropping or disabling the foreign key.

» The foreign key must be dropped before the tablespace containing the parent is
dropped. The following command can be used to achieve this:

DROP TABLESPACE t abl espace | NCLUDI NG CONTENTS
CASCADE CONSTRAI NTS
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DML on Tables in a Foreign Key Relationship

If the DELETE CASCADE optionis not used when rows are deleted from the parent
table, the Oracle server needs to ensure that there are no rows in the child table with
the corresponding foreign key. Similarly, an update to the parent key is permitted only
when there are no child rows with the old key value. If there isno index on the foreign
key on the child table, the Oracle server locks the child table and prevents changes to
ensure referential integrity. If there is an index on the table, the referentia integrity is
maintained by locking the index entries and avoiding more restrictive locks on the
child table. If both tables need to be updated concurrently from different transactions,
create an index on the foreign key columns.

When dataisinserted into or the foreign key column is updated in the child table, the
Oracle server checks the index on the parent table that is used for enforcing the
referenced key. Therefore, the operation succeeds only if the tablespace containing the
index isonline. Note that the tablespace containing the parent table does not need to be
online to perform DML operations on the child table.

Note: Besides the advantage mentioned above, creating indexes on foreign key
columns is recommended because it has other performance advantages.
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Implementing Constraints

Defining Constraints While
Creating a Table

CREATE TABLE summi t. enpl oyee(
i d NUMBER( 7)
CONSTRAI NT enpl oyee_i d_pk PRI MARY KEY
DEFERRABLE
USI NG | NDEX
STORAGE( | NI TI AL 100K NEXT 100K)
TABLESPACE i ndx,
| ast _nanme VARCHAR2( 25)
CONSTRAI NT enpl oyee_| ast _nanme_nn NOT NULL,
dept _id NUMBER(7))
TABLESPACE dat a;
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Defining Constraints While Creating a Table

A constraint can be defined either when atableis created or when atableis atered to
add the constraint.

Syntax: In-Line Constraint
At the time the table is created, the constraint can be created in-line using the
following syntax to define the column:
col umm dat at ype [ CONSTRAI NT constrai nt]
in_line_constraint
[ def er _spec]
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Syntax: In-Line Constraint (continued)
in line constraint :==

{[NOT] NULL
| PRIMARY KEY [ USI NG | NDEX i ndex_cl ause]
| UNI QUE [ USI NG | NDEX i ndex_cl ause]

| REFERENCES [ schema.]tabl e [(col um)]
[ ON DELETE CASCADE]
| CHECK (condi tion)
}
def er _spec : ==
[ NOT DEFERRABLE| DEFERRABLE [ | NI TI ALLY { | MVEDI ATE| DEFERRED} |

]
[ DI SABLE| ENABLE [ VALI DATE| NOVALI DATE] ]

where: CONSTRAINT identifies the integrity constraint by the name
constraint stored in data dictionary

USING INDEX specifiesthat the parametersdefined in
the index-clause should be used for the
index the Oracle server uses, to enforce
auniqueor primary key constraint (The
name of the index isthe same asthe
name of the constraint.)

DEFERRABLE indicates that constraint checking can
be deferred until the end of the
transaction by using the SET
CONSTRAINT(S) command

NOT DEFERRABLE indicatesthat thisconstraint is checked
at the end of each DML statement
(A NOT DEFERRABLE constraint
cannot be deferred by sessions or
transactions. NOT DEFERRABLE is
the default.)
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Syntax: In-Line Constraint (continued)

INITIALLY IMMEDIATE
indicates that at the start of every
transaction, the default isto check this
congtraint at the end of every DML
statement (If no INITIALLY clauseis
specified, INITIALLY IMMEDIATEIs
the default.)

INITIALLY DEFERRED
impliesthat this constraint is
DEFERRABLE and specifies that, by
default, the constraint is checked only
at the end of each transaction

DISABLE disables the integrity constraint
(If anintegrity constraintisdisabled, the
Oracle server does not enforce it.)
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Syntax: Out-of-Line Constraint
The constraint can also be created out-of-line, using the following syntax:
[ CONSTRAI NT constrai nt]
out _of line_constraint

out of line_constraint :==
{PRIMARY KEY (colum [, colum ]... )
[ USI NG | NDEX i ndex_cl ause]
| UNI QUE (colum [, colum ]... )
[ USI NG | NDEX i ndex_cl ause]
| FOREI GN KEY (colum [, colum ... )
REFERENCES [schema.]table [(colum [, colum ]... )]
[ ON DELETE CASCADE]
| CHECK (condi tion)
}
[ def er _spec]
Note
* Itis a good practice to adopt a standard naming convention for constraints. This is
especially true with CHECK constraints because the same constraint can be
created several times with different names.
* Out-of-line constraints are needed in the following cases:
— When a constraint names two or more columns
— When a table is altered to add any constraint other than the NOT NULL
constraint

Defining Constraints After Creating a Table: Example

ALTER TABLE sunmit. enpl oyee

ADD( CONSTRAI NT enpl oyee_dept _i d_f k FOREI GN KEY( dept _i d)

REFERENCES sunmmi t . depart nent (i d)

DEFERRABLE | N TI ALLY DEFERRED) ;
Note: The EXCEPTIONS clause, discussed under “Enabling Constraints” later in this
lesson, can be used to identify rows violating a constraint that is added using the
ALTER TABLE command.
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Guidelines for
Defining Constraints

®* Primary and unigue constraints:
— Place indexes in a separate tablespace

— Use nonunique indexes if bulk loads are
frequent

® Self-referencing foreign keys:
— Define or enable foreign keys after initial load
— Defer constraint checking
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Guidelines for Defining Constraints
The following guidelines are useful when defining constraints:

Place indexes used for enforcing primary key and unique constraints in a
tablespace different from that of the table. This can be done either by specifying
the USING INDEX clause or by creating the table, creating the index, and altering
the table to add or enable the constraint.

If data is frequently loaded in bulk into a table, it is preferable to disable the
constraints, perform the load, and then enable the constraints. If a unique index is
used for enforcing a primary key or unique constraint, this index needs to be
dropped when the constraint is disabled. Performance can be enhanced by using a
nonunique index for enforcement of primary key or unique constraints in such
situations. This can be done either by creating the key as deferrable or by creating
the index before defining or enabling the key.

If a table contains a self-referencing foreign key, use one of the following methods
to load data:

— Define or enable the foreign key after the initial load
— Define the constraint as a deferrable constraint
The second method is useful if data loads are done frequently.
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Maintaining Constraints

Enabling Constraints

* No locks on table

Enable * Primary and unique keys
NOVALIDATE must use nonunique
indexes

ALTER TABLE sunmi t . depart ment
ENABLE NOVALI| DATE CONSTRAI NT dept _pk;
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Enabling Constraints

A constraint that is currently disabled can be enabled in one of the two ways: enable
NOVALIDATE or enable VALIDATE

Enable NOVALIDATE

Enabling a constraint novalidate is much faster than enabling a constraint validate
because existing data is not checked for constraint violation if the constraint is
deferrable. If thisoption is used for enabling a constraint, no locks are required on the
table. This method is appropriate where thereisalot of DML activity on atable, asin
the case of an OLTP environment.

Syntax
The following command can be used to enable a constraint novalidate:
ALTER TABLE [ schema. ] table
ENABLE NOVALI DATE { CONSTRAI NT constr ai nt
| PRI MARY KEY
| UNQUE ( colum [, colum ] ... ) }
[ USI NG | NDEX i ndex_cl ause ]
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Restrictions

The USING INDEX clauseis applicable only for primary key or unique constraints
that were created as deferrable, and one of the following is true:

* The constraints were created disabled.
* The constraints were disabled and the index dropped.

However, if the index needs to be created, using this method of enabling a constraint
does not offer any significant benefit over enabling validate because the Oracle server
locks the table to build the index.

Note: Disabling constraints is covered in the codrgeoduction to SQL and PL/SQL.
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Enabling Constraints

* Locks table

* Can use unique or
Enable nonunique indexes

VALIDATE * Needs valid table data

ALTER TABLE sunmi t. enpl oyee
ENABLE VALI DATE CONSTRAI NT enp_dept _fk;
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Enable VALIDATE

Enabling a constraint validate checks existing data for constraint violation. Thisisthe
default when a constraint is enabled. If executed when the constraint is disabled, it has
the following effects:

» The table is locked and changes to the table are prevented until validation of
existing data is complete.

» The Oracle server creates an index if one does not exist on the index columns. It
creates a unique index while enabling a primary key or unique constraint that is
nondeferrable. A nonunique index is built for a deferrable primary key or a unique
constraint.

If this command is executed when a constraint is enforced, it does not require any table

locks during validation. The enforced constraint guarantees that no violations are

introduced during validation. This has the following advantages:

* All constraints are enabled concurrently.

» Each constraint is internally parallelized.

» Concurrent activity on the table is permitted.
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Syntax
The following command is used to enable a constraint validate:
ALTER TABLE [ schema. ] table
ENABLE [ VALI DATE ] { CONSTRAI NT constr ai nt
| PRI MARY KEY
| UNQUE ( colum [, colum ] ... ) }
[ USI NG | NDEX i ndex_cl ause ]
[ EXCEPTIONS INTO[ schema. ] table ]
Note

» The VALIDATE option is the default and does not need to be specified when
enabling a constraint that is disabled.

« |f data in the table violates the constraint, the statement is rolled back and the
constraint remains disabled.

* The use of the EXCEPTIONS clause is discussed in the following section.
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Using the EXCEPTIONS Table

1. Create EXCEPTIONS table (utlexcpt.sql).

2. Execute ALTER TABLE with EXCEPTIONS
clause.

3. Use subquery on EXCEPTIONS to locate rows
with invalid data.

4. Rectify the errors.

5. Reexecute ALTER TABLE to enable the
constraint.

Copyright O Oracle Corporation, 1999. All rights reserved. ORAC‘-G

How to Identify Row Violation

The EXCEPTIONS clause helps to identify any row that violates a constraint that is
being enabled. Use the following procedure to detect constraint violations, rectify
them, and reenable a constraint:

1 If not already created, runtheut | excpt . sql script in the administration
directory to create the exceptions table:
SQL> @/ r dbrrs/ admi n/ ut | excpt
St at ement processed.
SQL> DESCRI BE excepti ons

Nane Nul | ? Type

ROWI D UNDEFI NED
OMER VARCHAR2( 30)
TABLE_NAME VARCHAR2( 30)
CONSTRAI NT VARCHAR2( 30)

On Windows NT, this script is located in the
YORACLE_HOVE% RDBIVB\ ADM N directory.
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How to Identify Row Violation (continued)
2 Executethe ALTER TABLE command using the EXCEPTIONS clause:
SQ.> ALTER TABLE summit . enpl oyee
2 ENABLE VALI DATE CONSTRAI NT enpl oyee dept _id_fk
3 EXCEPTI ONS | NTO syst em except i ons;
ALTER TABLE sunmit. enpl oyee
*
CRA-02298: cannot enable (summt. EMP_DEPT_FK) - parent keys not
f ound

If the EXCEPTIONS table is not qualified with the name of the owner, it
must belong to the owner of the table being altered.

Rows are inserted into the EXCEPTIONS table. If you are rerunning the
command, truncate the EXCEPTIONS table to remove all existing rows.
3 ldentify invalid data by using a subquery on the EXCEPTIONS table:
SQ.> SELECT rowid, id, |last_nane, dept_id
2 FROM summit. enpl oyee
3 WHERE ROND in (SELECT row_id
4 FROM exceptions)
5 FOR UPDATE;
ROWN D I D LAST_NAME DEPT I D
AAAAey AADAAAAAT AAA 1003 Pirie 50
1 row sel ect ed.
4 Correct the errorsin data:
SQ.> UPDATE sunmmi t. enpl oyee
2 SET id=10
3  WHERE rowid="AAAAeyAADAAAAATAAA';
1 row processed.
SQL> COMMIT;
Statement processed.
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How to Identify Row Violation (continued)
5 Truncate the EXCEPTIONS table and reenable the constraint:
SQ.> TRUNCATE TABLE excepti ons;
St at ement processed.
SQ.> ALTER TABLE summit . enpl oyee
2 ENABLE VALI DATE CONSTRAI NT enpl oyee_dept _i d_fk

3 EXCEPTI ONS | NTO syst em excepti ons;
St at ement processed.
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Getting Constraint Information

Getting Constraint Information

DBA_CONSTRAINTS DBA_CONS_COLUMNS
OWNER 'H'OWNER

CONSTRAINT_NAME *CONSTRAINT_NAME
CONSTRAINT_TYPE TABLE_NAME

TABLE_NAME COLUMN_NAME
SEARCH_CONDITION POSITION

R_OWNER

R_CONSTRAINT _NAME

DELETE_RULE
STATUS
DEFERRABLE
DEFERRED
VALIDATED
GENERATED
BAD

RELY
LAST_CHANGE
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Constraints and Their Status
Use the following query to obtain the names, types, and status of all constraints on
SUMMIT's EMPLOYEE table:
SQ@. > SELECT constrai nt_nane, constraint_type, deferrable,

2 deferred, validated

3 FROM dba_constraints

4 WHERE owner="SUW T’

5 AND tabl e_nanme=" EMPLOYEFE ;

CONSTRAI NT_NAME C DEFERRABLE DEFERRED VALI DATED
EMPLOYEE_DEPT. . R DEFERRABLE DEFERRED VALI DATED
EMPLOYEE | D PK P DEFERRABLE | MVEDI ATE VALI DATED
SYS_(C00565 C NOT DEFERRABLE | MVEDI ATE VALI DATED

3 rows sel ect ed.
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Constraints and Their Status (continued)
The following table shows the columnsin the DBA_CONSTRAINTS view that are

not self-evident.

Name

Description

CONSTRAINT_TYPE

Thetype of constraint is Pif Primary key, U if Unique, R if
Foreign key, or C if Check constraint. NOT NULL
constraints are stored as check constraints.

SEARCH_CONDITION

Shows the condition specified for a check constraint

uch

R_OWNER Definesthe owner and name of the referenced constraint for

R_CONSTRAINT NAME | foreignkeys

GENERATED Indicates whether the constraint name is system-generated
(Valid values are ‘USER NAME’ and ‘GENERATED
NAME".)

BAD Indicates that the constraint is to be rewritten to avoid S
situations as Year 2000 problems (This might happen
because earlier releases of Oracle allowed 2-digit year
be specified in check constraints.)

RELY If set, this flag will be used in the optimizer

LAST_CHANGE

The date when the constraint was last enabled or disa

bled

Columns in Constraints

To get the columns in the constraints on SUMMIT’'s EMPLOYEE table, use the

following query:

SQ@.> SELECT c. constrai nt_nane, c.constraint_type,

00 N O Ok WN

cc. col um_nane

FROM dba_constraints c, dba cons_col ums cc
WHERE c. owner =" SUM T

AND c. t abl e_name=" EMPLOYEE

AND c. owner = cc. owner

AND c. constrai nt_nane = cc. constraint_name
ORDER BY cc. position;
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Columns in Constraints (continued)

CONSTRAI NT_NAVE C COLUWN_NAVE
EMPLOYEE_DEPT. .. R DEPT_| D
EMPLOYEE_| D_PK P | D

SYS_CD0565 C LAST_NAME

3 rows sel ect ed.

Finding Primary Key—Foreign Key Relationships
To find foreign keys on SUMMIT’'s EMPLOYEE table and the parent constraints, use
the following query:
SQ._> SELECT c. constrai nt_name AS "Forei gn Key",
2 p.constrai nt_name AS "Referenced Key",
3 p.constraint_type,
4 p. owner,
5 p. tabl e_name
6 FROM dba_constraints ¢, dba_constraints p
7 WHERE c. owner="SUW T
8 AND c.tabl e _name=' EMPLOYEE
9 AND c. constrai nt_type="R
10 AND c. r _owner =p. owner
11 AND c.r_constrai nt_nanme = p.constrai nt _nane;
For ei gn Key Ref erenced Key C OMER TABLE NAME

EMPLOYEE DEPT.. DEPT_PK P SUM T DEPARTMENT
1 row sel ect ed.
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Summary

Summary

In this lesson, you should have learned how to:
* Implement data integrity

®* Use an appropriate strategy for creating and
maintaining constraints

® Obtain information from the data dictionary
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Quick Reference

Context Reference

Initialization parameters None

Dynamic performance views None

Data dictionary views DBA_CONSTRAINTS
DBA_CONS COLUMNS

Commands CREATE TABLE ... CONSTRAINT
ALTER TABLE ADD CONSTRAINT ...
EXCEPTIONSINTO

ALTER TABLE ... DISABLE CONSTRAINT

ALTER TABLE ... ENABLE NOVALIDATE
CONSTRAINT

ALTER TABLE ... ENABLE VALIDATE
CONSTRAINT ... EXCEPTIONSINTO

Packaged procedures and None
functions
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Objectives

Objectives

After completing this lesson, you should be able to
do the following:

®* Load datausing direct-load insert

®* Load datainto Oracle tables using SQL*Loader:
— Conventional path
— Direct path
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Overview

Overview

Overview

Other

applications I

& by =

database

Export
SQL*Loader /

Il
W M { Import
Oracle /
database i i
Direct-load insert
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Loading Data

Severa methods are available for loading datainto tables in an Oracle database. The
methods that will be discussed here are:

* Direct-load insert
e SQL*Loader
» Export and Import utilities

Direct-Load Insert

Direct-load inserts can be used to copy data from one table to another table within the
same database. It speeds up the insert operation, bypassing the buffer cache and
writing data directly into the data files.

SQL*Loader

SQL*Loader is a utility that is used to load data from external files into Oracle tables.
It provides a means of migration from other systems to the Oracle database.
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Export and Import Utilities

The Export utility enables users to extract dictionary information and data from an
Oracle database and move them into an operating system file in Oracle-binary format.
The files generated by Export can be read by the Import utility into the same Oracle
database or a different Oracle database. The Export and Import utilities will be
discussed in the next lesson.
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Loading Data Using Direct-Load Insert

Using Direct-Load Inserts

| NSERT /*+APPEND */ | NTO scott.enp
NOLOGG NG
SELECT * FROM scott.ol d_enp;

Server
process

EMP table
s
=
I: Used block L High-water mark
; Free space after delete : Blocks used by inserted rows
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Syntax
A direct-load insert can beinvoked by using the APPEND hint, as shown in the
command below:
| NSERT /*+APPEND */ I NTO[ schenma. ] table
[ [NO LOGG NG ]

sub- query;
where: schema isthe owner of the table
table isthe name of the table
sub-query is the subquery used to select the required

columns and rows for insert

Direct-load inserts are only available when the INSERT INTO SELECT command is
used. This option is not available when INSERT INTO VALUES command is used.
The direct-load insert can be used both on nonpartitioned and partitioned tables. This
operation maintains indexes and also enforces all enabled constraints. It also enables
other users to modify other rows in the table concurrently.
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LOGGING Mode
When inserting using the LOGGING option, which is the default, the operation
generates redo log entries, making complete recovery possible in case of failures.

If the NOLOGGING option is used, changes to data are not recorded in the redo log
buffer. Some minimal logging still occurs for operations that update the data
dictionary. The NOLOGGING mode is used if this attribute has been set for the table.
If several online modificationsto the datain the table are likely to occur subsequently,
it might be advisable to set the NOLOGGING attribute before the load and reset it to
LOGGING once the load is compl eted.

Other Considerations
Direct-load inserts allow other transactions to make changes to the table concurrently.

All datainserted using this method is |oaded above the high-water mark. If the table
contains many blocks where rows have been deleted, space may be wasted, and full
table scans may be slower.
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Parallel Direct-Load Insert

ALTER SESSI ON ENABLE PARALLEL DM

| NSERT /*+PARALLEL(scott.enp,2) */
| NTO scott.enmp NOLOGGE NG

SELECT * FROM scott.ol d_enp;

Slave Slave
process process

EMP table \
e
Eome
e
B
R
I: Used block L High-water mark
B 1 Free space after delete ™| Temporary segments
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Parallel Direct-Load Inserts

Direct-load inserts can be made in parallel using one of the following methods:
» Using a PARALLEL hint in the INSERT statement, as in the example
» Creating the table or altering it to specify the PARALLEL clause

When parallel direct-load inserts are made, the Oracle server uses several processes,
known as parallel query slaves, to insert data into the table. Temporary segments are
allocated to store the data inserted by each slave process. When the transaction
commits, the extents in these individual segments become a part of the table in which
records are inserted.

Note

* The ALTER SESSION ENABLE PARALLEL DML command must be executed
at the beginning of a transaction.

* An object that is modified using parallel direct-load insert cannot be queried or
modified again within the same transaction.

For a detailed discussion of parallel direct-load inserts, seé@rduobe8i Reference,
“Parallel Execution.”
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Loading Data Using SQL*Loader

SQL*Loader
Control file Data files
I — _
P S—— | o—
Parameter file l F l
(optional) SQL*Loader Rejected
P | Field processing | =
Discarded m Record s/-e\lcecci?c:ﬁd |
I Bad [
Ly Selected file *
Discard file Oracle server
(optional) g Rejected
Inserted
Log file -—
Database files
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SQL*Loader Features

SQL*L oader loads data from external files into tables in an Oracle database.
SQL*Loader has the following features:

One or more input files can be used.
Several input records can be combined into one logical record for loading.
Input fields can be fixed or variable length.

Input data can be in any format—character, binary, packed decimal, date, and
zoned decimal.

Data can be loaded from different types of media such as disk, tape, or named
pipes.

Data can be loaded into several tables in one run.

Options are available to replace or to append to existing data in the tables.

SQL functions can be applied on the input data before the row is stored in the
database.

value can be generated and stored in a column.
Data can be loaded directly into the table, bypassing the database buffer cache.
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Files Used by SQL*Loader
SQL*L oader uses the following files:

Control file: Specifies the input format, output tables, and optional conditions that
may be used to load only part of the records found in the input data files

Data files: Contain the data in the format defined in the control file

Parameter file: Is an optional file that can be used to define the command line
parameters for the load

Log file: Is created by SQL*Loader and contains a record of the load

Bad file: Is used by the utility to write the records that are rejected during the load
(This can occur during input record validation by the utility or during record
insertion by the Oracle server.)

Discard file: Is a file that can be created, if necessary, to store all records that did
not satisfy the selection criteria
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Conventional and Direct Loads

Instance
SGA [Shared pool

Array
OOOOOO

Data
save

Extent
management

Direct
path

---------------- High-water
[__] Space used only by conventional load mark
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Loading Methods

SQL* L oader provides two methods for loading data:
» Conventional path

» Direct path

Conventional Path Load

Conventional path load builds an array of rows to be inserted and uses the SQL
INSERT statement to load the data. During conventional path loads, input records are
parsed based on field specifications, and an array of records is built and inserted into
the table specified in the control file. Records that do not conform to the field
specifications are rejected and those records that do not satisfy the selection criteria
are discarded.

Conventional path loads can be used to load data into both clustered and unclustered
tables. Redo log generation is controlled by the logging attribute for the table being
loaded.

Direct Path Load

A direct path load builds blocks of data in memory and saves these blocks directly into
the extents allocated for the table being loaded. Redo log entries are not generated
unless the database is in archivelog mode. Direct path loads use the field specifications
to build whole Oracle blocks of data, and write the blocks directly to Oracle data files.
Direct path load bypasses the database buffer cache and accesses the SGA only for
extent management and adjustment of the high-water mark.
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Direct Path Load (continued)

Direct path load is generally faster than conventional path load, but cannot be used in
all situations. The next section compares conventional path to direct path loading, and
gives examples of situationsin which each of them can be used.

Note: Thecat | dr. sqgl script, supplied by Oracle, creates views that are used by
direct path load. It is automatically invoked when the cat al og. sql scriptisrun.
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Comparing Direct and Conventional Path

Loads

Conventional Load Direct Path Load
Uses COMMITs to make Uses data saves
changes permanent
Redo log entries always Generates redo only under
generated specific conditions
Enforces all constraints Enforces only primary key,

unique, and NOT NULL
INSERT triggers fire INSERT triggers do not fire
Can load into clustered Cannot load into
tables clustered tables
Other users can make Other users cannot
changes to tables make changes to tables
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Method of Saving Data

Conventional path loads use SQL processing and database COMM ITsfor saving data.
Theinsertion of an array of recordsisfollowed by acommit operation. Each data load
might involve severa transactions.

Direct path loads use data saves to write blocks of datato Oracle datafiles. The
following features differentiate a data save from a COMMIT:

» During a data save, only full database blocks are written to the database.
* The blocks are written after the high-water mark of the table.

» After a data save, the high-water mark is moved.

* Internal resources are not released after a data save.

* A data save does not end the transaction.

* Indexes are not updated at each data save.

Logging of Changes

Conventional path loading generates redo log entries just as any DML statement.
When using a direct path, load redo log entries are not generated if:

* The database is in NOARCHIVELOG mode

* The database is in ARCHIVELOG mode, but logging is disabled. Logging can be

disabled by setting the NOLOGGING attribute for the table or by using the
UNRECOVERABLE clause in the control file.
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Enforcement of Constraints

During a conventional path load, all constraints that are enabled are enforced as they
would be during any DML operation.

During direct loads, the constraints are handled as follows:
* NOT NULL constraints are checked when arrays are built.

* Foreign key and CHECK constraints are disabled, and can be enabled at the end of
the run by using the appropriate commands in the control file. Foreign key
constraints are disabled because they reference other rows or tables, and CHECK
constraints are disabled because they may use SQL functions. If only a small
number of rows are to be inserted into a large table, use conventional loads.

* Primary key and unique constraints are checked during and at the end of the run,
and may be disabled if they are violated.

Firing of INSERT Triggers

While INSERT triggers are fired during conventional path loads, they are disabled
before a direct path load and reenabled at the end of the run. They may remain
disabled in the event that a referenced object is not accessible at the end of the run.
Consider using conventional path loads to load data into tables with INSERT triggers.

Loading into Clustered Tables

Direct loads cannot be used to load rows into clustered tables. Clustered tables can be
loaded using conventional path loads only.

Locking

While a direct load is in progress, other transactions cannot make changes to the tables
being loaded. The only exception to this rule is when several parallel direct load
sessions are used concurrently. Parallel direct loads are discussed in the following
section.
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Parallel Direct Loads
Temporary segments
| 0adl. dat mm SQL*Loaderi ﬂ
| oadl. ctl

| 0ad2. dat SQL*Loaderi |

| oad2. ct|

SOL*Loader > N
| oad3. dat
| oad3. ct|

________________ High-water
mark
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Parallel Direct Loads

Parallel direct loads permit the use of several concurrent direct |oad sessions to load
datainto asingletable.

Sequence of Operations
Use different input data files for each parallel direct load session. When several
paralel direct load sessons areinitiated, the loading is carried out using the following
steps:
1 Each session uses atemporary segment to load the data from input
datafiles. These temporary segments are created in the tabl espace that containsthe
table being loaded. If the tablespace contains several datafiles, then for each
session, a user can specify the data file where the temporary segment isto be
created. The storage parameters for these segments can also be specified by the
user. By default, these segments use the same storage attributes as the table being
loaded.
2 Thelast extent in each temporary segment is trimmed to deallocate unused space
when the session is compl eted.
3 All the temporary segments are combined to form one segment at the end of the
run.

4 The resulting temporary segment is added to the table segment.
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Restrictions
The following restrictions are enforced on parallel direct path loads:

* Indexes are not maintained by the load. Drop indexes before a parallel load and
re-create them at the end of the run.

* Referential integrity, check constraints, and triggers must be disabled and have to
be reenabled manually.

* Rows can only be appended to existing data, because individual loads are not
coordinated. If data in the table needs to be replaced, manually truncate the table
before the parallel load.
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Using SQL*Loader

$sql I dr scott/tiger \
> control =ul case6.ctl \
> | og=ul case6.1 og direct=true

ul caseb. ct
[ — ]
|—> SQL*Loader —l
P S
EMP table

ul case6. | og
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Command Line
Use the following command on UNIX or Windows NT to perform the data load:
$sqgl Il dr [keyword=]value [ [ [,] keyword=]val ue ]
where: keyword  Isone of the keywords discussed in the next section
value Is the value assigned to the keyword
Note
» If keywords are not specified, the values must be specified in the correct order.
Although this option is available, it is generally advisable to use the keywords.
* As shown in the slide, it is possible to specify the first few values without
keywords and then specify other values with keywords.
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How to Use Oracle Enterprise Manager to Load Data

1

N

3
4

5
6
7

Launch the Oracle Enterprise Manager console:
Start—>Programs—>OracleeEMV2 Home—>Oracle Enterprise Management
—>Enterprise Manager Console

Enter Administrator, Password, and Management Server. Click OK to log in to the
console.

Expand the Databases folder.

Select your working database and choose Data Management—>Load from the
right mouse menu.

Enter the control filename in the Control File page, and click Next.
Enter names of other files in the Data Files page, and click Next.
Specify load options in the Load Method page, and click Next.

# Load Wizard
Load Method

YWhat type of load method would you like to use?

® Conventional Path

Runs SQL INSERT statementis) to populate tahlels) in a database.
Use this option if none ofthe choices below are appropriate.

" Direct Path (fasten

Formats data hlocks and writes them directly to the database files.
Mo wiriting to clustered tables. Mo otherwriting to destination tables in
prodress. Mo SQL inthe cantral file.

" Parallel Direct Path (fastest)

Wirites data into the same table ar into the same padition of a partition
table in concurrent sessions. Data is only appended. Triggers and
constraints are disabled. Mo indexes maintained.

Advanced...

Cancel Help 3 Finish

8 Specify a schedule in the Scheduling page and click Finish.
9 Verify options on the Summary page and click OK.
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Command Line Keywords

Some of the commonly used keywords and |oad options to be specified on page 3 of
the Data M anager Wizard are shown below.

Keyword M eaning

USERID Oracle username and password. If password is not specified, the user
will be prompted for the password.

CONTROL Control filename

LOG Filename of work log; defaults to control filename with an extension of
| og

BAD Filename of file that stores all rejected records; defaults to the control
filename with an extension of bad

DATA Input data filenames

DISCARD Filename for optiona discard file where records not selected are stored

DISCARDMAX | Maximum number of discards to alow; the default is to alow all
discards. Use this parameter as a safety measure to stop the run if the
wrong input files are specified.

SKIP The number of records to skip; primarily used to continue aload that
failed. Use this option only if loading to asingle table or to skip an
identical number of records for al the tables loaded.

LOAD Specifies the number of recordsto load, after skipping the records
specified by SKIP

ERRORS Maximum number of bad records to alow

ROWS Specifies the number of rows in the array to be built before each insert
for conventional loads. For direct path loads, this defines the
approximate number of rows read from input for each data save. Direct
load builds full blocks, and then rejects discards and invalid rows before
adatasave.

BINDSIZE Specifies the maximum number of bytes to be used for building an array
of rowsto beinserted in each database call, for conventional loads (If
the ROWS parameter is also specified, SQL* Loader will build as many
rows as defined by ROWS, subject to the limit imposed by BINDSIZE.)

DIRECT SQL*Loader uses the direct path if this parameter is set to TRUE.
Conventiona path, which isthe default, is used otherwise.
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Keyword M eaning

PARFILE Specifies the name of thefile that contains all the load parameters
(Parameters defined in the command line will override any values
defined in the parameter file.)

PARALLEL This parameter, which isonly valid for direct loads, specifies that
multiple parallel direct loads are to be carried out.

FILE Specifies the file in which the temporary segment for a parallel direct
load isto be created

The parameters can a so be defined within the control file.

Note: The parameters defined here are not exhaustive. For a complete reference, see
Oracle8i Utilities, “SQL*Loader Command-Line Reference.”
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SQL*Loader: Input Files

» Parameter file contains load options
« Data file contains input records

e Control file contains load instructions

LOAD DATA

| NFI LE ' ul case6. dat’

| NSERT
| NTO TABLE enp

(enpno POSI TI ON(01: 04) | NTEGER
EXTERNAL NULLI F enpno=BLANKS,
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Parameter File

The parameter file can be used to specify the parametersfor aload. Use a parameter
file to store all the commonly used parameters. This file uses the following format to
define the parameters:

KEYWORD=VALUE

Control File
The contents of a control file include the following:

Names of the input data files, using the INFILE clause

The composition of a logical record from a physical record in the input data files,
using clauses such as CONCATENATE and CONTINUEIF

Field specifications, including position, data types, and delimiters condition
specifications, using the FIELDS clause

Names of tables, using the INTO TABLE clause

Method of loading; whether data is to be loaded into an empty table, inserted after
deleting or truncating existing records, or appended to the existing data

Records to be skipped for each table, using the CONTINUE_LOAD clause
Conditions to be used for selecting records to be loaded, using the WHEN clause
Columns to be loaded
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Control File (continued)

* Rules for generating column values, using clauses such as RECNUM and
SYSDATE and applying SQL functions

* Column operations, such as trimming and substituting zeros with nulls
* Load parameters, using the OPTIONS clause
» Storage specifications for temporary segments created during a parallel direct load
* Comments prefixed by “--"
» Other direct load options, such as:
— SINGLEROW to maintain indexes on a row-by-row basis
— REENABLE to enable disabled constraints at the end of the run
— SORTED_INDEXES to specify if data is presorted
— UNRECOVERABLE to suppress generation of redo
Note

» Setting the NOLOGGING attribute for the table using the NOLOGGING keyword
Is equivalent to using the UNRECOVERABLE option in the control file.

» Data can also be stored inside the control file by specifying INFILE *, and using
BEGINDATA to mark the beginning of the data. If this option is used, all records
following BEGINDATA will be interpreted as data.

» Several case studies illustrating different load options and control file items can be
found in thesORACLE_HOVE/ r dbrs/ deno directory in UNIX and in the
%ORACLE_HOVE% RDBMS80\ LOADER directory in Windows NT. The
“SQL*Loader Case Studies” chapter in the man@a#cle8i Utilities, explains
these cases in detail.

» Complete details of control file commands can be found in the “SQL*Loader
Control File Reference” chapter in the man@alacle8i Utilities.

Data File

The data file contains the records to be processed in the format defined in the
control file.
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Log File Contents

* Header information

» Global information: Parameters and file
names

« Table information: Table and column
specifications

» Data file information: Records
processed

* Table load information: Errors and
discards

e Summary statistics
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Log Files
Thelog fileis mandatory and the load terminates if the log file cannot be created
because of lack of space or permission. The log file contains:

« Header information such as the date of the run and software version number
* Global information including:
— Names of all input and output files
— Command line arguments
e Table information such as:
— Table names
— Load conditions and method
e Field and column information
» Data file informatiorshowing records rejected and records discarded with reasons
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Log Files (continued)
* Table load information such as:
Number of rows loaded
Number of rows that qualified for loading but were rejected due to data errors
Number of rows that were discarded
Number of rows whose relevant fields were all null
*  Summary statistics that include the following data:
— Amount of space allocated for the array
— Load statistics for all data files
— Beginning and ending time of run
— Total elapsed time

— Total CPU time including time for all file 1/O but excluding any CPU time
used by background processes
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SQL*Loader: Other Output Files

 Bad file
- Rejected records
- Same format as data files
e Discard file
— Records not satisfying conditions
- Same format as data files
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Bad File

The bad file contains records that are rejected during processing due to one of the
following reasons:

* Input records have errors such as insufficient number or badly formatted fields
* Rows could not be inserted for reasons such as constraint violation

The records in the bad file are in the same format as the input records. The records can
be used, after rectifying the errors, to reload the data.

Discard File

The discard file contains data in the same format as the input data files and is useful if
data needs to be selectively loaded into tables, either in different databases or at
different points in time.
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SQL*Loader: Usage Guidelines

» Use a parameter file to specify
commonly used command line options

* Place data within the control file only for
a small, one-time load

 Improve performance by:
— Allocating sufficient space
— Sorting the data on the largest index

— Specifying different files for
temporary segments for parallel loads
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SQL*Loader Usage Guidelines

Use the following guidelines when using SQL* L oader to minimize errors and improve
performance:

Use a parameter file to specify commonly used command line options. For
example, if loading into a data warehouse every week, all options except the
names of the files may be the same.

Separating the control file and the data file permits reusing control files for several
load sessions.

Preallocating space based on the expected data volume prevents dynamic
allocation of extents during the load and improves the speed of the load.

When direct loads are used, temporary segments are used to generate indexes for
the new data. These indexes are merged with the existing indexes at the end of the
load. By sorting the input data on the keys in the largest index, use of sort space
can be minimized.

With parallel direct loads, you can specify the location of temporary segments used
for inserting data. For each load session, specify a different database file to achieve
maximum performance.
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SQL*Loader: Troubleshooting

* Insufficient space for table or index
* Instance failure during the load

* If the SORTED INDEXES clause is used
and data is not in the order specified

 Duplicate keys found in a unique index,
unique or primary key during a direct
load

» BINDSIZE cannot contain a single row
 Errors exceed specified limit

* Discards exceed specified limit
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Troubleshooting SQL*Loader

When aload terminates abnormally, al data that has been loaded up to the point of
failureislikely to have been committed. After rectifying the problem, proceed as
follows to complete the load:

If loading to one table or if all tables have the same number of records processed,
use the SKIP command line parameter to continue the load.

If many tables were loaded and the number of records processed is not the same
for all tables, use the CONTINUE_LOAD option in the control file to specify the
number records to skip for each table.

Check for any indexes marked unusable. This occurs if the index is not consistent
with the table. Drop the indexes in this state and re-create them after completing
the load.

Problem Resolution

Insufficient space: A load may terminate if the Oracle server could not allocate
sufficient space to the tables being loaded. In this case, investigate the cause of the
problem—whether it is due to insufficient disk space, or the files becoming full, or
MAXEXTENTS being reached, and correct the problem.

Instance failure: Investigate the reason for failure, rectify it, restart the instance,
and continue the load.
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Problem Resolution (continued)

» Datais not in the order specified: The data is loaded, but the index is in an
unusable state. Drop and re-create the indexes that are unusable.

» Duplicate values in a primary key or unique column or unique index: This does not
abort the load process, but may result in disabled constraints or unusable indexes.
In the case of constraint errors, use an exceptions table to trap the errors and rectify
them. If a unique index is unusable, you may have to detect errors by attempting to
create a unigque constraint on the indexed column, trapping the errors into an
exception table, and correcting them.

* BINDSIZE too small: Use a larger value and load the data.

» Errors exceeding the limit set: This occurs when a load is aborted because the
number of invalid records has exceeded the ERRORS value specified. The most
common cause of this problem is the use of incorrect input data files. Check and
use the correct files.

» Discards exceeding the limit set: This occurs when a load is aborted because the
number of discarded records has exceeded the DISCARDMAX value specified.
The most common cause of this problem is the use of incorrect input data files.
Check and use the correct files.

Note: The SORTED INDEXES clause is only applicable to direct path loads. For
syntax and details of usage, refer to the “SQL*Loader Control File Reference” chapter
in the manualQracle8i Utilities.
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Direct Path Loading

Direct Path Load API
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|
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OCl calls

Table
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Direct Path Load with Oracle Call Interface

The direct path load interface allows an Oracle Call Interface (OCI) application to
access the direct path load engine of the Oracle database server to perform the
functions of the Oracle SQL*Loader utility. This functionality provides the ability to
load data from external filesinto an Oracle table.

The OCI direct path load interface has the ability to load multiple rows by loading a
direct path stream that contains data for multiple rows.

A direct load operation requires that the object being loaded islocked to prevent DML
on the object.

Note that queries are lock free and are alowed while the object is being loaded.

The direct path load interface has the same limitations as SQL* L oader.
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Summary

Summary

In this lesson, you should have learned how to:
* Use direct-load insert to copy tables

e Use SQL*Loader to load data

« Use direct path mode when applicable
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Quick Reference

Context Reference
Initialization parameters None

Dynamic performance views None

Data dictionary views None

Commands sqgl I dr orsql | oad
Packaged procedures and functions |None
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