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About This Book

This book provides information necessary to use and administer the year 2000 ready,
DB2* relational database management system (RDBMS) products, including:

¢ Information required for designing, implementing and managing databases

¢ Information regarding the configuring and tuning of your database environment to
improve performance.

Many of the tasks described in this book can be performed using different interfaces:

¢ The Command Processor , which allows you to access and manipulate databases
from a graphical interface. From this interface, you can also execute SQL
statements and DB2 utility functions. Most examples in this book illustrate the use
of this interface. For more information about using the command processor, see
the Command Reference manual.

¢ The application programming interface , which allows you to execute DB2 utility
functions within an application program. For more information about using the
application programming interface, see the APl Reference manual.

¢ The Control Center , which allows you to graphically perform administrative tasks
such as configuring the system, managing directories, backing up and recovering
the system, scheduling jobs, and managing media. The Control Center also
contains Replication Administration to graphically setup the replication of data
between systems. execute DB2 utility functions through a graphical user interface.
To invoke the Control Center, use the db2cc command, or (for OS/2) select the
Control Center icon from the DB2 folder. For introductory help, select Getting
started from the Help pull-down of the Control Center window. The Visual Explain
and Performance Monitor tools are invoked from the Control Center.

Error conditions when using the Control Center are recorded in the Control Center
Administration Engine Log (db2cc.log). This log records information about the
errors generated while using the Control Center. The log is always active while the
Control Center is active. The log file is kept in the home directory of the executable
that invokes the Control Center. That is, in the bin subdirectory of the sq11ib
subdirectory. The file can be viewed and updated using an ASCII file editor.

The log file records the error message type, a time stamp, a process identifier
(PID), a thread identifier (TID), and an SQL error message. The process ID and the
thread ID are used to identify the operating system that generated the log.
Combined with the Control Center trace information, DB2 Service and Support
personnel are able to determine which Control Center task caused the error. The
information is only of use to the DB2 Service and Support personnel.

The log file can be edited by an ASCII file editor to remove log records that are no
longer needed.

There are other tools available that you can use to perform administration tasks. They
include:
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The Script Center to store small applications called scripts. These scripts may
contain DB2 commands as well as operating system commands.

The Alert Center to monitor the messages that result from other DB2 operations.

The Tool Settings to change the settings for the Control Center, Alert Center, and
Replication.

The Journal to schedule jobs to run unattended.

Who Should Use This book

This book is intended primarily for database administrators, system administrators,
security administrators and system operators who need to design, implement and
maintain a database to be accessed by local or remote clients. It can also be used by
programmers and other users who require an understanding of the administration and
operation of the DB2 relational database management system.

How This Book is Structured

The Administration Guide contains information about the following major topics:

Introduction to Parallelism in DB2 Universal Database, presents an overview of
DB2 Universal Database and the types of parallelism provided by DB2.

Database Design and Implementation

Chapter 1, Designing Your Logical Database, discusses the concepts and
guidelines for designing a logical database.

Chapter 2, Designing Your Physical Database, discusses the guidelines for
designing a physical database, including considerations related to physical data
storage.

Chapter 3, Implementing Your Design, discusses the concepts and guidelines for
creating a database and the objects within a database.

Chapter 4, Controlling Database Access, describes how you can control access to
your database's resources.

Chapter 5, Auditing DB2 Activities, describes how you can detect and monitor
unwanted or unanticipated access to data.

Chapter 6, Utilities for Moving Data, discusses the LOAD, AutoLoader, IMPORT
and EXPORT utilities. db2move and replication are also discussed.

Chapter 7, Recovering a Database, discusses factors to consider when choosing
database and table space recovery methods, including backing up and restoring a
database or table space, and using the roll-forward recovery method.

Distributed Transaction Processing

Chapter 8, Distributed Databases, discusses how you can access multiple
databases in a single transaction.
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Chapter 9, Using DB2 with an XA-Compliant Transaction Manager, discusses how
you can use your databases in a distributed transaction processing environment
such as CICS.

Tuning Application Performance

Chapter 10, Application Considerations, describes some techniques for improving
database performance when designing your applications.

Chapter 11, Environmental Considerations, describes some techniques for
improving database performance when setting up your database environment.

Chapter 12, System Catalog Statistics, describes how statistics about your data
can be collected and used to ensure optimal performance.

Chapter 13, Understanding the SQL Compiler, describes what happens to an SQL
statement when it is compiled using the SQL compiler.

Chapter 14, SQL Explain Facility, describes the Explain facility, which allows you
to examine the choices the SQL compiler has made to access your data.

Tuning and Configuring Your System

Chapter 15, Operational Performance, provides an overview of how the database
manager uses memory and other considerations that affect run-time performance.

Chapter 16, Using the Governor, provides an introduction to the use of a governor
to control some aspects of database management.

Chapter 17, Scaling Your Configuration, introduces some considerations and tasks
associated with increasing the size of your database systems.

Chapter 18, Redistributing Data Across Database Partitions, discusses the tasks
required in a partitioned database environment to redistribute data across
partitions.

Chapter 19, Benchmark Testing, provides an overview of benchmark testing and
how to perform benchmark testing.

Chapter 20, Configuring DB2, discusses the database manager and database
configuration files and the values for the configuration parameters.

High Availability Systems

Chapter 21, High Availability Cluster Multi-Processing (HACMP) on AlX, discusses
the support of IBM High Availability Cluster Multi-Processing (HACMP) for AlX by
DB2.

Chapter 22, High Availability Cluster Multi-Processing, Enhanced Scalability
(HACMP ES) for AlX, discusses the support of IBM High Availability Cluster
Multi-Processing, Enhanced Scalability (HACMP ES) for AIX by DB2.

Chapter 23, High Availability in the Windows NT Environment, discusses the
support of Microsoft Cluster Server for Windows NT by DB2.
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Chapter 24, High Availability in the Solaris Operating Environment, Single-Partition
Database, discusses the support of Sun Cluster 2.1 for the Sun Solaris Operating
System by DB2.

Chapter 25, High Availability in the Solaris Operating Environment, Partitioned
Database, discusses the support of Sun Cluster 2.1 for the Sun Solaris Operating
System by DB2 Extended Enterprise Edition.

Appendixes

Appendix A, How the DB2 Library Is Structured, provides information about the
structure of the DB2 library, including SmartGuides, online help, messages, and
books.

Appendix B, Planning Database Migration, provides information about migrating
databases to Version 5.

Appendix C, Incompatibilities Between Releases, presents the incompatibilities
introduced with Version 5.

Appendix D, Memory Usage for DB2 Universal Database Version 5, presents
memory requirements for each DB2 feature.

Appendix E, Naming Rules, provides the rules to follow when naming databases
and objects.

Appendix F, DB2 Registry and Environment Variables, presents profile registry
values and environment variables.

Appendix G, Using Distributed Computing Environment (DCE) Directory Services,
provides information about how you can use DCE Directory Services.

Appendix H, X/Open Distributed Transaction Processing Model, provides an
overview of the X/Open Distributed Transaction Processing model and the DB2
database support provided.

Appendix |, Sample Tables, contains a description of the sample tables provided
with the database manager.

Appendix J, Catalog Views, contains a description of each system catalog view,
including column names and data types.

Appendix L, User Exit for Database Recovery, discusses how user exit programs
can be used with database log files and describes some sample user exit
programs.

Appendix M, Explain Tables and Definitions, provides information about the tables
used by the DB2 Explain facility and how to create those tables.

Appendix N, SQL Explain Tools, provides information on using the DB2 explain
tools: db2expln and dynexpin.

Appendix O, National Language Support (NLS), introduces DB2 National
Language Support (NLS) including information about countries, languages, and
code pages.
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e Appendix P, Splitting Data with db2split, describes how to use the db2split utility to
partition data and create partitioning maps.

e Appendix Q, Issuing Commands to Multiple Database Partition Servers, discusses
the use of the db2_all and rah shell scripts to send commands to all partitions in a
partitioned database environment.

¢ Appendix R, How DB2 for Windows NT Works with Windows NT Security,
describes how DB2 works with Windows NT security.

¢ Appendix S, Configuring Multiple Logical Nodes, describes how to configure
multiple logical nodes in a partitioned database environment.

e Appendix T, Using Virtual Interface Architecture (VIA), describes how to enable
Virtual Interface Architecture for use with DB2 Extended Enterprise Edition in the
Windows NT environment.

Introduction to Parallelism in DB2 Universal Database

This chapter provides an introduction to DB2 Universal Database and to the types of
parallelism provided by DB2. This chapter describes the following:

e OQverview of basic DB2 concepts and DB2 parallelism concepts
e Types of parallelism

¢ Hardware environments

e Summary of parallelism possible for each hardware environment
e Enabling parallelism

DB2 provides the flexibility for you to run a wide range of hardware configurations. It
allows you to choose how to best match your hardware and application requirements
with a specific DB2 product configuration.

The remaining chapters in this part of the book assist you in the design and
implementation of your database. With the different levels of complexity in database
environments that DB2 supports, there are considerations and tasks specific to one or
more of these environments. These considerations and tasks are presented toward the
end of each section or chapter and introduced as being for a specific environment. In
some cases, entire sections or chapters are appropriate for only a specific environment.
After reading this chapter, you should be able to discern which chapters are appropriate
for your business needs and your environment.

Overview of DB2 Concepts
A database manager (sometimes called an instance) is DB2 code that manages data.
It controls what can be done to the data, and manages system resources assigned to it.
Each instance is a complete environment. It contains all the database partitions defined
for a given parallel database system. An instance has its own databases (which other
instances cannot access), and all its database partitions share the same system
directories. It also has separate security from other instances on the same machine.

A nodegroup is a set of one or more database partitions. When you want to create
tables for the database, you first create the nodegroup where the table spaces will be
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stored, then you create the table space where the tables will be stored. See
“Nodegroups and Data Partitioning” on page xxxii for more information about
nodegroups. See “Overview of DB2 Parallelism Concepts” on page xxxi for the
definition of a database partition.

A database is organized into parts called table spaces. A table space's definition and
attributes are recorded in the database system catalog. Once a table space is created,
you can then create tables within this table space. A container is assigned to a table
space. A container is an allocation of physical storage (such as a file or device). Table
spaces reside in nodegroups.

A table consists of data logically arranged in columns and rows. The data in the table
is logically related, and relationships can be defined between tables. Data can be
viewed and manipulated based on mathematical principles and operations called
relations. Table data is accessed via SQL, a standardized language for defining and
manipulating data in a relational database. All database and table data is assigned to
table spaces.

A query is used in applications or by users to retrieve data from a database. The query
uses Structured Query Language (SQL) to create a statement in the form of

SELECT <data_name> FROM <table name>

In this chapter we use the term “query” to identify a retrieval request (a SELECT
statement) from a database.

Figure 1 on page xxxi illustrates the relationship among the objects just described. It
also illustrates that tables, indexes, and long data are stored in table spaces.
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Figure 1. Relationship Among Some Database Objects

Overview of DB2 Parallelism Concepts
DB2 extends the database manager to the parallel, multi-node environment. A
database partition is a part of a database that consists of its own data, indexes,
configuration files, and transaction logs. (See the Administration Getting Startedfor an
overview of indexes, configuration files, and transaction logs.) A database partition is
sometimes called a node or database node. (Node was the term used in the DB2
Parallel Edition for AIX Version 1 product.)
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A single-partition database is a database having only one database partition. All data in
the database is stored in that partition. In this case nodegroups, while present, provide
no additional capability.

A partitioned database is a database with two or more database partitions. Tables can
be located in one or more database partitions. When a table is in a nodegroup
consisting of multiple partitions, some of its rows are stored in one partition and others
are stored in other partitions.

Usually, a single database partition exists on each physical node and the processors on
each system are used by the database manager at each database partition to manage
its part of the database's total data.

Because data is divided across database partitions, you can use the power of multiple
processors on multiple physical nodes to satisfy requests for information. Data retrieval
and update requests are decomposed automatically into sub-requests and executed in
parallel among the applicable database partitions. The fact that databases are split
across database partitions is transparent to users of SQL statements.

User interaction is through one database partition. It is known as the coordinator node
for that user. The coordinator runs on the same database partition as the application, or
in the case of a remote application, the database partition to which that application is
connected. Any database partition can be used as a coordinator node.

Nodegroups and Data Partitioning

You can define named subsets of one or more database partitions in a database. Each
subset you define is known as a nodegroup. Each subset that contains more than one
database partition is known as a multi-partition nodegroup. Multi-partition nodegroups
can only be defined with database partitions that belong to the same instance.

Figure 2 on page xxxiii shows an example of a database with five partitions in which:

e A nodegroup spans all but one of the database partitions (Nodegroup 1)

¢ A nodegroup contains one database partition (Nodegroup 2)

e A nodegroup contains one database partition which acts as the coordinator node
(Nodegroup 3)
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Figure 2. Nodegroups in a Database

You create a new nodegroup using the CREATE NODEGROUP statement. See the
SQL Reference for more information. Data is divided across all the partitions in a
nodegroup. If you are using a multi-partition nodegroup, you must look at several
nodegroup design considerations. For more information in both of these areas, see
“Designing Nodegroups” on page 36.

Types of Parallelism
Parts of a database-related task (such as a database query) can be executed in
parallel in order to speed up the task, often dramatically so. There are different ways a
task is performed in parallel. The nature of the task, the database configuration, and the
hardware environment determine how DB2 will perform a task in parallel. These
considerations are interrelated. You should consider them together when first deciding
on the physical and logical design of a database. This section describes the types of
parallelism.

DB2 supports the following types of parallelism:

¢ 1/O
e Query
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. Utility

I/O Parallelism

For situations in which multiple containers exist for a table space, the database
manager can initiate parallel I/0. Parallel 1/0O refers to the process of reading from or
writing to two or more 1/O devices at the same time to reduce elapsed time. Performing
I/0 in parallel can result in significant improvements to /O throughput.

I/O parallelism is a component of each hardware environment described in “Hardware
Environments” on page xxxviii. Table 1 on page xlvi lists the hardware environments
best suited for I/O parallelism.

Query Parallelism
There are two types of query parallelism: inter-query parallelism and intra-query
parallelism.

Inter-query parallelism refers to the ability of multiple applications to query a database
at the same time. Each query will execute independently of the others, but DB2 will
execute all of them at the same time. DB2 has always supported this type of
parallelism.

Intra-query parallelism refers to the processing of parts of a single query at the same
time using either intra-partition parallelism or inter-partition parallelism or both.

The term query parallelism is used throughout this book.

Intra-Partition Parallelism: Intra-partition parallelism refers to the ability to break up
a query into multiple parts. (Some of the utilities also perform this type of parallelism.
See “Utility Parallelism” on page xxxvii.)

Intra-partition parallelism subdivides what is usually considered a single database
operation such as index creation, database load, or SQL queries into multiple parts,
many or all of which can be executed in parallel within a single database patrtition.
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Figure 3. Intra-Partition Parallelism

Figure 3 shows a query that is broken into four pieces that can be executed in parallel,
with the results returned more quickly than if the query was run in a serial fashion. The
pieces are copies of each other. To utilize intra-partition parallelism, you need to
configure the database appropriately. You can choose the degree of parallelism or let
the system do it for you. The degree of parallelism is the number of pieces of a query
that execute in parallel.

Table 1 on page xlvi lists the hardware environments best suited for intra-partition
parallelism.

Inter-Partition Parallelism: Inter-partition parallelism refers to the ability to break up
a query into multiple parts across multiple partitions of a partitioned database, on one
machine or multiple machines. The query is performed in parallel. (Some of the utilities
also perform this type of parallelism. See “Utility Parallelism” on page xxxvii.)

Inter-partition parallelism subdivides what is usually considered a single database
operation such as index creation, database load, or SQL queries into multiple parts,
many or all of which can be executed in parallel across multiple partitions of a
partitioned database in one machine or multiple machines.

About This Book XXXV



XXXVi

SELECT... FROM...

A query is divided
into parts, each being
executed in parallel.

l

Data

Data Data Data

Database Partition Database Partition Database Partition Database Partition

Figure 4. Inter-Partition Parallelism

Figure 4 shows a query that is broken into four pieces that can be executed in parallel,
with the results returned more quickly than if the query was run in a serial fashion in a
single partition.

The degree of parallelism is largely determined by the number of partitions you create
and how you define your nodegroups.

Table 1 on page xlvi lists the hardware environments best suited for inter-partition
parallelism.

Using Both Intra-Partition and Inter-Partition Parallelism: You can use
intra-partition parallelism and inter-partition parallelism at the same time. This
combination provides, in effect, two dimensions of parallelism. This results in an even
more dramatic increase in the speed at which queries are processed. Figure 5 on
page xxxvii illustrates this.
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Figure 5. Both Inter-Partition and Intra-Partition Parallelism

Utility Parallelism

DB2's utilities can take advantage of intra-partition parallelism. They can also take
advantage of inter-partition parallelism; where multiple database partitions exist, the
utilities execute in each of the partitions in parallel. The following paragraphs describe
how some utilities take advantage of parallelism.

The LOAD utility can take advantage of intra-partition parallelism and 1/O parallelism.
Loading data is a heavily CPU-intensive task. The LOAD utility takes advantage of
multiple processors for tasks such as parsing and formatting data. Also, the LOAD
utility can use parallel I/O servers to write the data to the containers in parallel. See
“LOAD Performance Considerations” on page 212 and the LOAD command in the
Command Reference for information on how to enable parallelism f or the LOAD utility.

In a partitioned database environment, the AutoLoader utility takes advantage of
intra-partition, inter-partition, and I/O parallelism by parallel invocations of load at each
database partition where the table resides. For more information about the AutoLoader
utility, see “Using the AutoLoader Utility” on page 225.

During index creation, the scanning and subsequent sorting of the data occurs in
parallel. DB2 exploits both 1/0O parallelism and intra-partition parallelism when creating
an index. This helps to speed up index creation when a CREATE INDEX command is
issued, during restart (if an index is marked invalid), and during the reorganization of
data.

Backing up and restoring data are heavily /O bound tasks. DB2 exploits both 1/O
parallelism and intra-partition parallelism when performing backups and restores.
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Backup exploits 1/0 parallelism by reading from multiple table space containers in
parallel, and asynchronously writing to multiple backup media in parallel. See the
BACKUP DATABASE command and the RESTORE DATABASE command in the
Command Reference for information on how to enable parallelism for these two
commands.

Hardware Environments
This section provides an overview of the following hardware environments:

¢ Single partition on a single processor (uniprocessor)
¢ Single partition with multiple processors (SMP)
e Multiple partition configurations
— Partitions with one processor (MPP)
— Partitions with multiple processors (cluster of SMPs)
— Logical database partitions (also known as Multiple Logical Nodes (MLN) in
DB2 Parallel Edition for AlX Version 1)

In each hardware environment section, considerations for capacity and scalability are
described. Capacity refers to the number of users and applications able to access the
database in large part determined by memory, agents, locks, 1/0, and storage
management. Scalability refers to the ability for a database to grow and continue to
exhibit the same operating characteristics and response times.

Single Partition on a Single Processor

This environment is made up of memory and disk, but contains only a single CPU.
This environment has been given many names such as: standalone database,
client/server database, serial database, uniprocessor system, and single
node/non-parallel environment. Figure 6 on page xxxix illustrates this environment.
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Uniprocessor machine

Database Partition

Dis

Figure 6. Single Partition On a Single Processor

The database in this environment serves the needs of a department or small office
where the data and system resources (including only a single processor or CPU) are
managed by a single database manager.

Table 1 on page Xxlvi lists the types of parallelism best suited to take advantage of this
hardware configuration.

Capacity and Scalability:  In this environment you can add more disks. Having one or
more |/O servers for each disk allows for more than one 1/O operation to be taking
place at the same time. You can also add more hard disk space to this environment.

A single-processor system is restricted by the amount of disk space the processor can
handle. However, as workload increases a single CPU may become insufficient in
processing user requests any faster, regardless of other additional components, such
as memory or disk, that you may add.

If you have reached maximum capacity or scalability, you can consider moving to a
single partition system with multiple processors. This configuration is described in the
next section.

Single Partition with Multiple Processors
This environment is typically made up of several equally powerful processors within the
same machine and is called a symmetric multi-processor (SMP) system. Resources
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such as disk space and memory are shared. More disks and memory are found in this
machine compared to the single-partition database, single processor environment. This
environment is easy to manage since physically everything is together in one machine
and the sharing of memory and disks is expected.

With multiple processors available, different database operations can be completed
significantly more quickly than with databases assigned to only a single processor. DB2
can also divide the work of a single query among available processors to improve
processing speed. Other database operations such as the LOAD utility, the backup and
restore of table spaces, and index creation on existing data can take advantage of the
multiple processors. Figure 7 illustrates this environment.

SMP machine

Memory

Database Partition

E.-I"T

Figure 7. Single Partition Database Symmetric Multiprocessor System

Table 1 on page xlvi lists the types of parallelism best suited to take advantage of this
hardware configuration.

Capacity and Scalability:  In this environment you can add more processors.
However, since it is possible for the different processors to attempt to access the same
data, limitations with this environment can appear as your business operations grow.
With shared memory and shared disks, you are effectively sharing all of the database
data. One application on one processor may be accessing the same data as another
application on another processor, possibly causing the second application to wait for
access to the data.

You can increase the 1/0 capacity of the database partition associated with your
processor, such as the number of disks. You can establish 1/0 servers to specifically
deal with I/O requests. Having one or more I/O servers for each disk allows for more
than one 1/O operation to take place at the same time.
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If you have reached maximum capacity or scalablity, you can consider moving to a
system with multiple partitions. These configurations are described in the next section.

Multiple Partition Configurations

You can divide a database into multiple partitions, each on its own machine. Multiple
machines with multiple database partitions can be grouped together. This section
describes the following partition configurations:

¢ Partitions on systems each with one processor
e Partitions on systems each with multiple processors
¢ Logical database partitions

Partitions with One Processor: In this environment there are many database
partitions with each partition on its own machine and having its own processor,
memory, and disks. Figure 8 illustrates this. A machine consists of a CPU, memory,
and disk with all machines connected by a communications facility. Other names that
have been given to this environment include: a cluster, a cluster of uniprocessors, a
massively parallel processing (MPP) environment, or a shared-nothing configuration.
The latter name accurately reflects the arrangement of resources in this environment.
Unlike an SMP environment, an MPP environment has no shared memory or disks. The
MPP environment removes the limitations introduced through the sharing of memory
and disks.

Communications Facility

Uniprocessor machine Uniprocessor machine Uniprocessor machine  Uniprocessor machine

Memory ’ Memory ‘ ’ Memory ‘ Memory

Database Partition Database Partition Database Partition Database Partition

3

b,
(£
by,

Figure 8. Massively Parallel Processing System

A partitioned database environment allows a database to remain a logical whole while
being physically divided across more than one partition. To applications or users, the
database can be used as a whole and the fact that data is partitioned remains
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transparent to most users. The work to be done with the data can be divided out to
each of the database managers. Each database manager in each partition works
against its own part of the database.

Table 1 on page xlvi lists the types of parallelism best suited to take advantage of this
hardware configuration.

Capacity and Scalability: In this environment you can add more database partitions
(nodes) to your configuration. On some platforms, for example the RS/6000 SP, the
maximum is 512 nodes. However, there may be practical limits for managing a high
number of machines and instances.

If you have reached maximum capacity or scalability, you can consider moving to a
system where each partition has multiple processors. This configuration is described in
the next section.

Partitions with Multiple Processors: As an alternative to a configuration in which
each partition has a single processor is a configuration in which a partition has multiple
processors. This is known as an SMP cluster.

This configuration combines the advantages of SMP and MPP parallelism. This means
a query can be performed in a single partition across multiple processors. It also means
that a query can be performed in parallel across multiple partitions.
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Communications Facility
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Database Partition Database Partition

Figure 9. Cluster of SMPs

Table 1 on page Xxlvi lists the types of parallelism best suited to take advantage of this
hardware configuration.

Capacity and Scalability: In this environment you can add more database partitions, as
in the previous section. You can also add more processors to existing database
partitions.

Logical Database Partitions: A logical database partition differs from a physical
partition in that it is not given control of an entire machine. Although the machine has
shared resources, the database partitions do not share the resources. Processors are
shared but disk and memory are not.

One reason for using logical database partitions is to provide scalability. Multiple
database managers running in multiple logical partitions may be able to make fuller use
of available resources than a single database manager could. This will become more
true as machines with even more more processors are manufactured. Figure 10 on
page xliv illustrates the fact that you may gain more scalability on an SMP machine by
adding more partitions, particularly for machines with many processors. By partitioning
the database, you can administer and recover each partition separately.
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Big SMP machine

Communications Facility

Memory Memory

Database Partition 1 Database Partition 2

Figure 10. Partitioned Database, Symmetric Multiprocessor System

Figure 11 on page xlv illustrates the fact that you can multiply the configuration shown
in Figure 10 to increase processing power.
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Big SMP machine
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Big SMP machine

Communications Facility
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Partition 1 Partition 2

| Memory | | Memory |
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Partition 1 Partition 2

Figure 11. Partitioned Database, Symmetric Multiprocessor Systems Clustered Together

Note also that the ability to have two or more partitions coexist on the same machine
(regardless of the number of processors) allows greater flexibility in designing high
availability configurations and failover strategies. See Chapter 21, “High Availability
Cluster Multi-Processing (HACMP) on AIX” on page 721 for a description of how, upon
machine failure, a database partition can be automatically moved and restarted on
another machine already containing another partition of the same database.

Table 1 on page Xxlvi lists the types of parallelism best suited to take advantage of this
hardware environment.

Summary of Parallelism Best Suited To Each Hardware
Environment

The following table summarizes the types of parallelism best suited to the various
hardware environments.
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Table 1. Types of Parallelism Possible for Each Hardware Environment

Hardware Environment 110 Intra-Query Parallelism
Parallelism Intra-Partition Inter-Partition
Parallelism Parallelism
Single Partition, Yes No(1) No

Single Processor

Single Partition, Yes Yes No
Multiple Processors (SMP)

Multiple Partitions, Yes No(1) Yes
One Processor (MPP)

Multiple Partitions, Yes Yes Yes
Multiple Processors
(cluster of SMPs)

Logical Database Partitions Yes Yes Yes

Note: (1) There may be an advantage to setting the degree of parallelism (using one of the
configuration parameters) to greater than one even on a single CPU system, especially
if the queries you execute are not fully utilizing the CPU (for example if they are 1/0
bound).

Enabling Parallelism for Queries
There are two types of query parallelism: intra-partition parallelism and inter-partition
parallelism. Either type, or both types, can be used depending on whether the
environment is a single-partition or multi-partition environment.

Enabling Intra-Partition Query Parallelism
In order for intra-partition query parallelism to occur, you must modify database
configuration parameters and database manager configuration parameters.

INTRA_PARALLEL
Database manager configuration parameter. See “Enable Intra-Partition
Parallelism (intra_parallel)” on page 701 for more information.

DFT_DEGREE
Database configuration parameter. Provides the default for the DEGREE
bind option and the CURRENT DEGREE special register. See “Default
Degree (dft_degree)” on page 683 for more information.

DEGREE
Precompile or bind option for static SQL. See the Command Reference for
more information.

CURRENT DEGREE
Special register for dynamic SQL. See the SQL Reference for more
information.

For more information on the configuration parameter settings, and how to enable

applications to process in parallel, see “Parallel Processing of Applications” on
page 421.
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Enabling Inter-Partition Query Parallelism
Inter-partition parallelism occurs automatically based on the number of database
partitions and the distribution of data across these partitions.

Enabling Utility Parallelism
This section provides an overview of how to enable intra-partition parallelism for the
following utilities:

e Load

¢ Create index

¢ Backup database / table space
¢ Restore database / table space

Inter-partition parallelism for utilities occurs automatically based on the number of
database partitions.

Load
To enable parallelism while loading data, use the following parameters on the LOAD
command:

e CPU_PARALLELISM
e DISK_PARALLELISM

See the Command Reference for information on the LOAD command.

AutoLoader

You can enable multiple split processes for the AutoLoader by specifying the
MODIFIED BY ANYORDER parameter for the LOAD specification in the autoloader.cfg
file. For more information, see “Additional Options and Considerations” on page 227.

Create Index
To enable parallelism when creating an index:

¢ The INTRA_PARALLEL database manager configuration parameter must be ON
¢ The table must be large enough to benefit from parallelism
e Multiple processors must be enabled on an SMP machine.

See the SQL Reference for information on the CREATE INDEX statement.

Backup Database / Table Space
To enable parallelism when backing up a database or table space:

e The INTRA_PARALLEL database manager configuration parameter must be ON

To enable 1/O parallelism when backing up a database or table space:

¢ Use more than one target media
¢ Configure table spaces for parallel /O

See the Command Reference for information on the BACKUP DATABASE command.
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Restore Database / Table Space
To enable parallelism when restoring a database or table space:

e The INTRA_PARALLEL parameter must be ON

To enable 1/O parallelism when restoring a database or table space:

e Use more than one source media
e Configure table spaces for parallel 1/0

See the Command Reference for information on the RESTORE DATABASE command.
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Chapter 1. Designing Your Logical Database

This section describes the following steps in database design:

¢ “Decide What Data to Record in the Database”

¢ “Define Tables for Each Type of Relationship” on page 5

¢ “Provide Column Definitions for All Tables” on page 7

¢ “ldentify One or More Columns as a Primary Key” on page 9

e “Be Sure Equal Values Represent the Same Entity” on page 11
e “Consider Normalizing Your Tables” on page 12

¢ “Planning for Constraint Enforcement” on page 17

e “Other Database Design Considerations” on page 24.

Your goal in designing a database is to produce a representation of your environment
that is easy to understand and will serve as a basis for expansion. In addition, you want
a database design that will help you maintain consistency and integrity in your data.
You can do this by producing a design that will reduce redundancy and eliminate
anomalies that can occur during the updating of your database.

These steps are part of logical database design. Database design is not a linear
process; you will probably have to redo steps as you work out the design.

The physical implementation of the database design is described in Chapter 2,
“Designing Your Physical Database” on page 27 and Chapter 3, “Implementing Your
Design” on page 61.

Decide What Data to Record in the Database

The first step in developing a database design is to identify the types of data to be
stored in database tables. A database includes information about the entities in an
organization or business and their relationships to each other. In a relational database,
entities are defined as tables.

An entity is a person, object, or concept about which you wish to store information.
Some of the entities described in the sample tables are employees, departments, and
projects. (See Appendix |, “Sample Tables” on page 945, for a description of the
sample database.)

In the sample employee table, the entity “employee” has attributes, or properties, such
as employee number, name, work department, and salary amount. Those properties
appear as the columns EMPNO, FIRSTNME, LASTNAME, WORKDEPT, and SALARY.

An occurrence of the entity “employee” consists of the values in all of the columns for
one employee. Each employee has a unique employee number (EMPNO) that can be
used to identify an occurrence of the entity “employee.”

Each row in a table represents an occurrence of an entity or relationship. For example,
in the following table the values in the first row describe an employee named Haas.
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Table 2. Occurrences of Employee Entities and their Attributes

EMPNO FIRSTNME LASTNAME WORKDEPT JOB
000010 Christine Haas A0O President
000020 Michael Thompson BO1 Manager
000120 Sean O'Connell A0O Clerk
000130 Dolores Quintana co1 Analyst
000030 Sally Kwan Co1 Manager
000140 Heather Nicholls Cco1 Analyst
000170 Masatoshi Yoshimura D11 Designer

There is a growing need to support non-traditional database applications such as
multimedia. Within your design, you may want to consider attributes to support
multimedia objects such as documents, video or mixed media, image, and voice.

In a table, each column of a row is related in some way to all the other columns of that
row. Some of the relationships expressed in the sample tables are:
e Employees are assigned to departments
Dolores Quintana is assigned to Department C0O1
e Employees perform a job
Dolores works as an Analyst
e Departments report to other departments

Department CO1 reports to Department AOO
Department BO1 reports to Department AOO

e Employees work on projects
Dolores and Heather both work on project IF1000
e Employees manage departments
Sally manages department CO1.
Before you design your tables, you must understand entities and their relationships.

“Employee” and “department” are entities; Sally Kwan is part of an occurrence of
“employee,” and CO1 is part of an occurrence of “department.”

The same relationship applies to the same columns in every row of a table. For
example, one row of a table expresses the relationship that Sally Kwan manages
Department CO1; another, the relationship that Sean O'Connell is a clerk in Department
A00.

The information contained within a table depends on the relationships to be expressed,
the amount of flexibility needed, and the data retrieval speed desired.
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In addition to identifying data within your design, you should also identify other types of
information such as the business rules which apply to that data.

Define Tables

for Each Type of Relationship

In a database, you can express several types of relationships. Consider the possible
relationships between employees and departments. An employee can work in only one
department; this relationship is single-valued for employees. On the other hand, one
department can have many employees; the relationship is multi-valued for departments.
The relationship between employees (single-valued) and departments (multi-valued) is
a one-to-many relationship. Relationships can be one-to-many, many-to-one,
one-to-one, or many-to-many.

The type of a given relationship can vary, depending on the specific environment. If
employees of a company belong to several departments, the relationship between
employees and departments is many-to-many.

You will want to define separate tables for different types of relationships.

The following topics are discussed within this section:
e “One-to-Many and Many-to-One Relationships”
¢ “Many-to-Many Relationships” on page 6
¢ “One-to-One Relationships” on page 7

One-to-Many and Many-to-One Relationships

To define tables for each one-to-many and many-to-one relationship:

e Group all the relationships for which the “many” side of the relationship is the same
entity.
¢ Define a single table for all the relationships in a group.

In the following example, the “many” side of the first and second relationships is
“employees” so we define an employee table, EMPLOYEE.

Table 3. Many-to-One Relationships

Entity Relationship Entity

Employees are assigned to departments

Employees work at jobs

Departments report to (administrative) departments

In the third relationship, “departments” is the “many” side, so we define a department
table, DEPARTMENT.

The following tables illustrate how these examples are represented:
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The EMPLOYEE table:

EMPNO WORKDEPT JOB
000010 A00 President
000020 BO1 Manager
000120 A0O0 Clerk
000130 co1 Analyst
000030 Cco1 Manager
000140 co1 Analyst
000170 D11 Designer

The DEPARTMENT table:

DEPTNO ADMRDEPT
co1 A00
D01 A00
D11 D01

Figure 12. Assigning Many-to-One Facts to Tables

Many-to-Many Relationships
A relationship that is multi-valued in both directions is a many-to-many relationship. An
employee can work on more than one project, and a project can have more than one
employee. The questions “What does Dolores Quintana work on?” and “Who works on
project IF1000?” both yield multiple answers. A many-to-many relationship can be
expressed in a table with a column for each entity (“employees” and “projects”), as
shown in the following example.

The following table illustrates how a many-to-many relationship (an employee can work

on many projects and a project can have many employees working on it) can be
represented:
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The employee activity (EMP_ACT) table:

EMPNO PROJNO
000030 IF1000
000030 IF2000
000130 IF1000
000140 IF2000
000250 AD3112

Figure 13. Assigning Many-to-Many Facts to Tables

One-to-One Relationships

One-to-one relationships are single-valued in both directions. A manager manages one

department; a department has only one manager. The questions, “Who is the manager
of Department C01?” and “What department does Sally Kwan manage?” both have

single answers. The relationship can be assigned to either the department table or the
employee table. Because all departments have managers, but not all employees are
managers, it is most logical to add the manager to the department table as shown in

the following example.

The following tables illustrates how a one-to-one relationship can be represented:

The DEPARTMENT table:

DEPTNO MGRNO
A0O 000010
BO1 000020
D11 000060

Figure 14. Assigning One-to-One Facts to a Table

Provide Column Definitions for All Tables
To define a column in a relational table:

1. Choose a name for the column

Each column in a table must have a name that is unique within the table.

Selecting column names is described in detail in Appendix E, “Naming Rules” on

page 885.
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2. State what kind of data is valid for the column

The data type and length specify maximum length and the type of data that is valid
for the column. Data types may be chosen from those provided by the database
manager or you may choose to create your own user-defined types. For
information about the data types provided by DB2 and about user-defined types,
see the SQL Reference manual.

Examples of data type categories are: numeric, character string, double-byte (or
graphic) character string, date-time, and binary string.

Large object (LOB) data types support multi-media objects such as documents,
video, image and voice. These large objects are implemented using the following
data types:

e A binary large object (BLOB) string. Examples of BLOBs are photographs of
employees, voice, and video.

e A character large object (CLOB) string, where the sequence of characters can
be either single- or multi-byte characters, or a combination of both. An
example of a CLOB is a resume of an employee.

e A double-byte character for large object (DBCLOB) string, where the sequence
of characters are double-byte characters. An example of a DBCLOB is a
Japanese resume.

For a better understanding of large object support, refer to the SQL Reference
manual.

A user-defined type (UDT), is a type that is derived from an existing type. You may
need to define types that are derived from existing types that share similar
characteristics, but are considered to be separate and incompatible types.

A structured type is a user-defined type that has a structure that is defined in the
database. It contains a sequence of named attributes, each of which has a data
type. A structured type may be defined as a subtype of another structured type,
called its supertype. A subtype inherits all the attributes of its supertype and may
have additional attributes defined. The set of structured types that are related to a
common supertype is called a type hierarchy and the supertype that does not have
any supertype is called the root type of the type hierarchy.

A structured type may be used as the type of a table or a view. The names and
data types of the attributes of the structured types, together with the object
identifier, become the names and data types of the columns of this typed table or
typed view. Rows of the typed table or typed view can be thought of as a
representation of instances of the structured type.

A structured type cannot be used as the data type of a column of a table or a view.
There is also no support for retrieving a whole structured type instance into a host
variable in an application program.

A reference type is a companion type to the structured type. Similar to a distinct
type, a reference type is a scalar type that shares a common representation with
one of the built-in data types. This same representation is shared for all types in
the type hierarchy. The reference type representation is defined when the root type
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of a type hierarchy is created. When using a reference type, a structured type is
specified as a parameter of the type. This parameter is called the target type of the
reference.

The target of a reference is always a row in a typed table or view. When a
reference type is used, it may have a scope defined. The scope identifies a table
(called the target table) or view (called the target view) that contains the target row
of a reference value. The target table or view must have the same type as the
target type of the reference type. An instance of a scoped reference type uniquely
identifies a row in a typed table or typed view, called its target row.

A User-defined function (UDF) may be used for a number of reasons, including
invoking routines that allow comparison or conversion between user-defined types.
UDFs extend and add to the support provided by built-in functions of SQL and can
be used wherever a built-in function can be used. There are two types of UDFs:

¢ An external function, which is written in a programming language
e A sourced function, which will be used to invoke other UDFs

For example, two numeric data types are European Shoe Size and American Shoe
Size. Both types share the same representations of shoe size, but they are
incompatible because the measurement base is different and cannot be compared.
When this occurs, a user-defined function can be invoked to convert from one shoe
size to another.

During your design, you may have to consider functions for your UDTs. For a
better understanding of user-defined types, structured types, reference types, and
user-defined functions, refer to the SQL Reference manual.

3. State which columns might need default values
Some columns cannot have meaningful values in all rows because:
¢ A value of the column is not applicable to the row.

For example, a column containing an employee's middle initial is not applicable
to an employee who has no middle initial.

¢ A value is applicable, but the value is not known at this time.

As an example, the MGRNO column might not contain a valid manager
number because the previous manager of the department has been
transferred and a new manager has not been appointed yet.

In both situations, you can choose between allowing a null value (a special value
indicating that the column value is unknown or inapplicable) or allowing a non-null
default value to be assigned by the database manager or by the application.

Null values and default values are described in detail in the SQL Reference
manual.

Identify One or More Columns as a Primary Key

The unique key of a table is a column or an ordered collection of columns for which
each value identifies (functionally determines) a unique row. For example, an employee
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number column can be defined as a unique key, because each value in the column
identifies only one employee. No two employees can have the same employee number.

The primary key of a table is one of the unique keys defined on a table but is selected
to be the key of first importance on the table. There can only be one primary key on a
table.

A primary index is automatically created for the primary key. The primary index is used
by the database manager for efficient access to table rows and allows the database
manager to enforce the uniqueness of the primary key. At other times the database
manager may use other columns with indexes defined, and not only the primary key
and index, to access data when processing queries.

Several columns could qualify as a candidate to be the primary key for a table. Each of
the candidate columns could be considered unique. You could have all of the columns
as part of the primary key but this would create an overly complex primary key. You
should consider having just one of the columns as the primary key and then creating
unique constraints or unique indexes on one or more of the other columns.

In some cases, using a timestamp as part of the key can be helpful, for example when
a table does not have a “natural” unique key or if arrival sequence is the method used
to distinguish unique rows.

Primary keys for some of the sample tables are:

Table Key Column
Employee table EMPNO
Department table DEPTNO
Project table PROJNO

The following example shows part of the project table with the primary key column
indicated.

Table 4. A Primary Key on the PROJECT Table

PROJNO (Primary Key) PROJNAME DEPTNO
MA2100 Weld Line Automation Do1
MA2110 Weld Line Programming D11

If every column in a table contains duplicate values, you cannot define a primary key
with only one column. In this case, you can list two or more columns for the primary
key. A key with more than one column is a composite key. The combination of column
values should define a unique entity. If a composite key cannot be easily assigned, you
may consider defining a new column that has unique values.

The following example shows a primary key containing more than one column; it is a
composite key.
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Table 5. A Composite Primary Key on the EMP_ACT Table

EMPNO (Primary PROJNO (Primary ACTNO EMSTDATE
Key) Key) (Primary Key) EMPTIME (Primary Key)
000250 AD3112 60 1.0 1982-01-01
000250 AD3112 60 .5 1982-02-01
000250 AD3112 70 5 1982-02-01

Identifying Candidate Key Columns
To identify candidate keys, select the smallest number of columns that define a unique
entity. There may be more than one candidate key. In Table 19 on page 19, there
appear to be many candidate keys. The
EMPNO column, the PHONENO, and the LASTNAME each uniquely identify the
employee.

The criteria for selecting a primary key from a pool of candidate keys should be
persistence, uniqueness, and stability of the key.

¢ Persistence means that the primary key is always present for the row.
¢ Uniqueness means that each key value is and always will be different for each row.

e Stability means that the primary key should not be changed to another value.

Of the three candidate keys in the example, only the employee number meets the
above criteria. An employee may not have a phone number when joining a company.
Last names can change, and, although they are unique at one point, are not always
guaranteed to be so. Therefore, the employee number column is the better choice for
the primary key. An employee is assigned a unique number only once, and that number
is generally not updated as long as the employee remains with the company. Since
each employee must have a number, the employee number column is persistent.

Be Sure Equal Values Represent the Same Entity

You can have more than one table describing properties of the same set of entities. For
example, the Employee Table shows the number of the department to which an
employee is assigned, and the Department Table shows which manager is assigned to
each department number. To retrieve both sets of properties simultaneously, you can
join the two tables on the matching columns, as shown in the following example. The
value in WORKDEPT and DEPTNO represent the same entity and represent a join path
between the DEPARTMENT and EMPLOYEE tables.
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The DEPARTMENT table:

DEPTNO DEPTNAME MGRNO ADMRDEPT
D21 Administration 000070 D01
Support

The EMPLOYEE table:

EMPNO FIRSTNAME LASTNAME WORKDEPT JOB
000250 Daniel Smith D21 Clerk

Figure 15. A Join Path between Two Tables

When you retrieve information about an entity from more than one table, make sure
equal values represent the same entity. The connecting columns can have different
names (like WORKDEPT and DEPTNO in the previous example), or they can have the
same name (like the columns called DEPTNO in the department and project tables).

Consider Normalizing Your Tables

The topic of normalizing tables draws much attention in database design.

Normalization helps you avoid redundancies and inconsistencies in your data. The
main idea in normalization is to reduce tables to a set of columns where all the non-key
columns depend on the entire primary key of the table. If this is not the case, the data
can become inconsistent during updating.

This section briefly reviews the rules for first, second, third, and fourth normal forms of
tables, and describes some reasons why they should or should not be followed. The
fifth normal form of a table, which is covered in many books on database design, is not
described here.

Here are brief descriptions of the normal forms presented later:

Form Description

First At each row and column position in the table there exists one value, never a
set of values. (See “First Normal Form” on page 13)

Second Each column that is not in the key provides a fact that depends on the entire
key. (See “Second Normal Form” on page 13)

Third Each non-key column provides a fact that is independent of other non-key
columns and depends only on the key. (See “Third Normal Form” on
page 15)

Fourth ~ No row contains two or more independent multi-valued facts about an entity.
(See “Fourth Normal Form” on page 16)
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First Normal Form

A table satisfies the requirement of first normal form if for each row-and-column position
in the table there exists one value, never a set of values. A table that is in first normal
form does not necessarily meet the test for higher normal forms.

For example, the following table violates first normal form because the WAREHOUSE
column contains several values for each occurrence of PART.

Table 6. Table Violating First Normal Form

PART (Primary Key) WAREHOUSE

P0010

Warehouse A, Warehouse B, Warehouse C

P0020

Warehouse B, Warehouse D

The following example shows the table in first normal form.

Table 7. Table Conforms to First Normal Form

PART (Primary Key) WAREHOUSE (Primary Key) QUANTITY
P0010 Warehouse A 400
P0010 Warehouse B 543
P0010 Warehouse C 329
P0020 Warehouse B 200
P0020 Warehouse D 278

Second Normal Form

A table is in second normal form if each column that is not in the key provides a fact
that depends on the entire key.

This means that all data that is not part of the primary key must depend on all of the
columns in the key. This reduces repetition among database tables.

Second normal form is violated when a non-key column is a fact about a subset of a
composite key, as in the following example. An inventory table records quantities of
specific parts stored at particular warehouses; its columns are shown in the following
example.
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Table 8. Table Violates Second Normal Form

PART (Primary WAREHOUSE

Key) (Primary Key) QUANTITY WAREHOUSE_ADDRESS
P0010 Warehouse A 400 1608 New Field Road
P0010 Warehouse B 543 4141 Greenway Drive
P0O010 Warehouse C 329 171 Pine Lane

P0020 Warehouse B 200 4141 Greenway Drive
P0020 Warehouse D 278 800 Massey Street

Here, the key consists of the PART and the WAREHOUSE columns together. Because
the column WAREHOUSE_ADDRESS depends only on the value of WAREHOUSE, the
table violates the rule for second normal form.

The problems with this design are:

¢ The warehouse address is repeated in every record for a part stored in that
warehouse.

e |f the address of the warehouse changes, every row referring to a part stored in
that warehouse must be updated.

e Because of the redundancy, the data might become inconsistent, with different
records showing different addresses for the same warehouse.

e If at some time there are no parts stored in the warehouse, there might be no row
in which to record the warehouse address.

To satisfy second normal form, the information shown above, in Table 8, would be split
into the following two table s:

Table 9. Part-Stock Table Conforms to Second Normal Form

PART (Primary Key) WAREHOUSE (Primary Key) QUANTITY
P0O010 Warehouse A 400
P0010 Warehouse B 543
P0010 Warehouse C 329
P0020 Warehouse B 200
P0020 Warehouse D 278
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Table 10. Warehouse Table Conforms to Second Normal Form

WAREHOUSE (P

rimary Key)

WAREHOUSE_ADDRESS

Warehouse A

1608 New Field Road

Warehouse B

4141 Greenway Drive

Warehouse C

171 Pine Lane

Warehouse D

800 Massey Street

However, there is a performance consideration in having the two tables in second
normal form. Application programs that produce reports on the location of parts must
join both tables to retrieve the relevant information.

To better understand performance considerations, see Part 3, “Tuning Application
Performance” on page 385.

Third Normal Form
A table is in third normal form if each non-key column provides a fact that is
independent of other non-key columns and depends only on the key.

Third normal form is violated when a non-key column is a fact about another non-key
column. For example, the first table in the following example contains the columns
EMPNO and WORKDEPT. Suppose a column DEPTNAME is added. The new column
depends on WORKDEPT, whereas the primary key is the column EMPNO; thus the
table now violates third normal form.

Changing DEPTNAME for a single employee, John Parker, does not change the
department name for other employees in that department. The inconsistency that
results is shown in the updated version of the table in the following example.

Table 11. Unnormalized Employee-Department Table Before Update

EMPNO (Primary

Key) FIRSTNAME LASTNAME WORKDEPT DEPTNAME
000290 John Parker E11 Operations
000320 Ramlal Mehta E21 Software Support
000310 Maude Setright E11 Operations

The following example shows the content of the table following an update to the
DEPTNAME column for John Parker. Note that there are now two different department
names used for department number (WORKDEPT) E11:
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Table 12. Unnormalized Employee-Department Table After Update.

Information in table has become

inconsistent.

EMPNO (Primary

Key) FIRSTNAME LASTNAME WORKDEPT DEPTNAME
000290 John Parker E11 Installation Mgmt
000320 Ramlal Mehta E21 Software Support
000310 Maude Setright El11 Operations

The table can be normalized by providing a new table, with columns for WORKDEPT
and DEPTNAME. In that case, an update like changing a department name is much
easier—the update only has to be made to the new table. An SQL query that shows the
department name along with the employee name is more complex to write because it
requires joining the two tables. This query will probably also take longer to execute than
the query of a single table. In addition, the entire arrangement takes more storage
space because the WORKDEPT column must appear in both tables. The following
tables are defined as a result of normalizing EMPDEPT.

Table 13. Employee Table After Normalizing the Employee-Department Table

EMPNO (Primary Key) FIRSTNAME LASTNAME WORKDEPT
000290 John Parker E11
000320 Ramlal Mehta E21
000310 Maude Setright E11

Table 14. Department Table After Normalizing the Employee-Department Table

DEPTNO (Primary Key) DEPTNAME
E11 Operations
E21 Software Support

Fourth Normal

Form
A table is in fourth normal form if no row contains two or more independent multi-valued
facts about an entity.

Consider these entities: employees, skills, and languages. An employee can have
several skills and know several languages. There are two relationships, one between
employees and skills, and one between employees and languages. A table is not in
fourth normal form if it represents both relationships, as in the following example:
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Table 15. Table Violating Fourth Normal Form

EMPNO (Primary Key) SKILL (Primary Key) LANGUAGE (Primary Key)
000130 Data Modelling English
000130 Database Design English
000130 Application Design English
000130 Data Modelling Spanish
000130 Database Design Spanish
000130 Application Design Spanish

Instead, the relationships should be represented in two tables, as in the following

examples.

Table 16. Employee-Skill Table in Fourth Normal Form

EMPNO (Primary Key)

SKILL (Primary Key)

000130 Data Modelling
000130 Database Design
000130 Application Design

Table 17. Employee-Language Table in Fourth Normal Form

EMPNO (Primary Key)

LANGUAGE (Primary Key)

000130

English

000130

Spanish

If, however, the facts are interdependent—that is, the employee applies certain
languages only to certain skills—then the table should not be split.

Any data can be put into fourth normal form. A good rule when designing a database is

to arrange all data in tables in fourth normal form, and then decide whether the result

gives you an acceptable level of performance. If it does not, you are at liberty to

denormalize your d

esign.

Planning for Constraint Enforcement

A constraint is a rule that the database manager enforces. Four types of constraint

handling are covered in this section:

Unique Constraints

Ensures the unique values of a key in a table. Any

changes to the columns that compose the unique key

are checked for uniqueness.
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Referential Integrity Enforces referential constraints on insert, update, and
delete operations. It is the state of a database in which
all values of all foreign keys are valid.

Table Check Constraints Verify that changed data does not violate conditions
specified when a table was created or altered.

Triggers Define a set of actions that are executed when called by
an update, delete, or insert operation on a specified
table.

Unique Constraints
A unique constraint is the rule that the values of a key are valid only if they are unique
within the table. Each column making up the key in a unique constraint must be defined
as NOT NULL. Unigue constraints are defined in the CREATE TABLE or the ALTER
TABLE statements using the PRIMARY KEY clause or the UNIQUE clause.

A table can have any number of unique constraints; however, you can only define one
unique constraint as the primary key for a table. Also, a table cannot have more than
one unique constraint on the same set of columns.

When a unique constraint is defined, the database manager creates (if needed) a
unique index and designates it as either a primary or unique system-required index.
The enforcement of the constraint is through the unigue index. Once a unique
constraint has been established on a column, the check for uniqueness during multiple
row updates is deferred until the end of the update.

A unique constraint can also be used as the parent key in a referential constraint.

Referential Integrity
Referential integrity lets you define required relationships between and within tables.
The database manager maintains these relationships which are expressed as
referential constraints and require that all values of a given attribute or column of a
table also exist in some other table or column. For example, a typical referential
constraint might require that every employee in the EMPLOYEE table must be in a
department that exists in the DEPARTMENT table. No employee can be in a
department that does not exist.

You can build referential constraints into a database to ensure that referential integrity
is maintained and to allow the optimizer to exploit knowledge of these special
relationships to process queries more effectively. When planning for referential
integrity, identify the relationships to be established between database tables. You can
identify a relationship by defining a primary key and referential constraints.

The following two tables are related, and show some of the relationships to be
discussed:
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Table 18. DEPARTMENT Table

DEPTNO (Primary Key) DEPTNAME MGRNO
A00 Spiffy Computer Service Div. 000010
BO1 Planning 000020
co1 Information Center 000030
D11 Manufacturing Systems 000060

Table 19. EMPLOYEE Table

EMPNO (Primary WORKDEPT

Key) FIRSTNAME LASTNAME (Foreign Key) PHONENO
000010 Christine Haas A0O 3978
000030 Sally Kwan Cco1 4738
000060 Irving Stern D11 6423
000120 Sean O'Connell A0O 2167
000140 Heather Nicholls co1 1793
000170 Masatoshi Yoshimura D11 2890

The following definitions are useful for understanding referential integrity.

A unique key is a set of columns where no two values are duplicated in any other row.
You may define one unique key for each table as the primary key. The unique key may
also be known as a parent key when referenced by a foreign key.

A primary key is a unique key that is part of the definition of the table. Each table can
only have one primary key. In the preceding tables DEPTNO and EMPNO are the
primary keys of the DEPARTMENT and EMPLOYEE tables.

A foreign key is a column or set of columns in a table that refer to a unique key or
primary key of the same or another table. A foreign key is used to establish a
relationship with a unique key or primary key to enforce referential integrity among
tables. The column WORKDEPT in the EMPLOYEE table is a foreign key because it
refers to the primary key, column DEPTNO, in the DEPARTMENT table.

A composite key is a key that has more than one column. Unique primary and foreign
keys can be composite keys. For example, if departments were uniquely identified by
the combination of division number and department number, two columns would be
needed to comprise the key to the DEPARTMENT table.

A parent key is a primary key or unique key of a referential constraint.
A parent table is a table containing a parent key that is related to at least one foreign

key in the same or another table. A table can be a parent in an arbitrary number of
relationships. For example, the DEPARTMENT table, which has a primary key of
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DEPTNO, is a parent of the EMPLOYEE table, which contains the foreign key
WORKDEPT.

A parent row is a row of a parent table whose parent key value matches at least one
foreign key value in a dependent table. A row in a parent table is not necessarily a
parent row. The fourth row (D11) of the DEPARTMENT table is the parent row of the
third and sixth rows in the EMPLOYEE table. The second row (B01) of the
DEPARTMENT table is not the parent of any other rows.

A dependent table is a table containing one or more foreign keys. A dependent table
can also be a parent table. A table can be a dependent in an arbitrary number of
relationships. For example, the EMPLOYEE table contains the foreign key
WORKDEPT, which is dependent on the DEPARTMENT table that has a primary key.

A dependent row is a row of a dependent table that has a non-null foreign key value
that matches a parent key value. The foreign key value represents a reference from the
dependent row to the parent row. Since foreign keys may accept null values, a row in a
dependent table is not necessarily a dependent row.

A table is a descendent of a table if it is a dependent table or if it is a descendent of a
dependent table. A descendent table contains a foreign key that can be traced back to
the parent key of some table.

A referential cycle is a path that connects a table to itself. When a table is directly
connected to itself, it is a self-referencing table. If the EMPLOYEE table has another
column called MGRID that contains the EMPNO of each employee's manager, then the
EMPLOYEE table would be a self-referencing table. MGRID would be a foreign key for
the EMPLOYEE table.

A referential constraint is an assertion that non-null values of a designated foreign key
are valid only if they also appear as values of a unique key of a designated table. The
purpose of referential constraints is to guarantee that database relationships are
maintained and data entry rules are followed.

A self-referencing table is both a parent and a dependent in the same relationship. A
self-referencing row is a row that is a parent and a dependent of itself. The constraint
that exists in this situation is called a self-referencing constraint. For example, if the
value of the foreign key in a row of a self-referencing table matches the value of the
unique key in that row, then the row is self-referencing.

The following additional topic is discussed within this section:

e “Implications for SQL Operations”

Implications for SQL Operations

Enforcement of referential constraints has special implications for some SQL operations
that depend on whether the table is a parent or a dependent. This segment describes
the effects of referential integrity on the SQL INSERT, DELETE, UPDATE, and DROP
operations.
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The database manager does not automatically enforce referential constraints across
systems. As a result, if you wish to enforce referential constraints across systems, your
application programs must contain the necessary logic.

The following referential integrity rules are discussed:

¢ INSERT Rules
e DELETE Rules
« UPDATE Rules.

INSERT Rules: You can insert a row at any time into a parent table without any action
being taken in the dependent table. However, you cannot insert a row into a dependent
table, unless there is a row in the parent table with a parent key value equal to the
foreign key value of the row that is being inserted, unless the foreign key value is null.
The value of a composite foreign key is null if any component of the value is null.

This rule is implicit when a foreign key is specified.

When you try to insert a row into a table that has referential constraints, the INSERT
operation is not allowed if any of the non-null foreign key values are not present in the
parent key. If the INSERT operation fails for one row during an attempt to insert more
than one row, all rows in the statement are backed out.

DELETE Rules: When you delete a row from a parent table, the database manager
checks if there are any dependent rows in the dependent table with matching foreign
key values. If any dependent rows are found, several actions could be taken. You can
determine which action will be taken by specifying a delete rule when you create the
dependent table.

The delete rules for a dependent table (the table containing the foreign key) when a
primary key is deleted are:

RESTRICT Prevents any row in the parent table from being deleted
if any dependent rows are found. If you need to remove
both parent and dependent rows, delete dependent
rows first. Deleting the parent row first would violate the
referential constraint and is not allowed.

See the SQL Reference for an example where this is
different from NO ACTION.

NO ACTION Enforces the presence of a parent row for every child
after all the referential constraints are applied. See the
SQL Reference for an example where this is different
from RESTRICT.

CASCADE Implies that deleting a row in the parent table
automatically deletes any related rows in the dependent
table. This rule is useful when a row in the dependent
table has no significance without a row in the parent
table.
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Deleting the parent row first would automatically delete
the dependent rows referencing a primary key.
Therefore, the dependent rows would not need to be
deleted first. If some of these dependent rows have
dependents of their own, the delete rule for those
relationships will be applied. In other words, the
database manager can handle cascading deletions.

SET NULL Ensures that deletion of a row in the parent table sets
the values of the foreign key in any dependent rows to
null. Other parts of the row are unchanged.

If no delete rule is explicitly defined when the table is created, the NO ACTION rule will
be applied.

Any table that can be involved in a delete operation is said to be delete-connected. The
following restrictions apply to delete-connected relationships.

e A table cannot be delete-connected to itself in a referential cycle of more than one
table.

e When a table is delete-connected to another table through more than one
dependent relationship, these relationships must have the same delete rule, either
CASCADE or NO ACTION.

¢ When a self-referencing table is a dependent of another table in a CASCADE
relationship, the delete rule of the self-referencing relationship must also be
CASCADE.

You can, at any time, delete rows from a dependent table without taking any action on
the parent table. For example, in the department-employee relationship, an employee
could retire and have his row deleted from the employee table with no effect on the
department table. (Ignore, for the moment, the reverse relationship of
employee-department, in which the department manager ID is a foreign key referring to
the parent key of the employee table. If a manager retires, there is an effect on the
department table.)

UPDATE Rules: The database manager prevents the update of a unique key of a
parent row. When you update a foreign key in a dependent table, and the foreign key
is not null, it must match some value of the parent key of the parent table of the
relationship. If any referential constraint is violated by an UPDATE operation, an error
occurs and no rows are updated.

When a value in a column of the parent key is updated:

e If any row in the dependent table matches the original value of the key, the update
is rejected when the update rule is RESTRICT.

e If any row in the dependent table does not have a corresponding parent key when
the update statement is completed (excluding after triggers), the update is rejected
when the update rule is NO ACTION.
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To update the value of a parent key that is in a parent row, you must first remove the
relationship to any child rows in the dependent tables by either:

¢ Deleting the child rows; or,
¢ Update the foreign keys in dependent tables to include another valid key value.

When there is no dependency to the key value in the row, the row is no longer a parent
in a referential relationship and can be updated.

If part of a foreign key is being updated and no part of the foreign key value is null, the
new value of the foreign key must appear as a unique key value in the parent table. If
there is no foreign key dependent on a given unique key, that is, the row containing the
unique key is not a parent row, then part of the unique key may be updated. However,
no more than one row can be selected for updating in this case, because you are
working with a unique key where duplicate rows are not allowed.

Table Check Constraints

Triggers

Business rules identified within your design can be enforced through table check
constraints. Table check constraints specify search conditions that are enforced for
each row of a table. These constraints are automatically activated when an update or
insert statement runs against the table. They are defined when using either CREATE
TABLE or ALTER TABLE statements.

A table check constraint can be used for validation. For example: the values of a
department number must lie within the range 10 to 100; the job title of an employee can
only be 'Sales', 'Manager', or 'Clerk’; or an employee who has been with the company
for more than 8 years must earn more than $40,500.

See Chapter 6, “Utilities for Moving Data” on page 203 for more information on the
impact of table check constraints on the IMPORT and LOAD commands.

A trigger is a defined set of actions that are executed when a delete, insert, or update
operation is carried out against a specified table. To help support business rules,
triggers can be defined. Triggers are stored in the database, therefore application
development is faster because you do not have to code the actions in every application
program. The trigger is coded once, stored in the database and automatically called by
the database manager, as required, when an application uses the database. This
ensures that the business rules related to the data are always enforced. If a business
rule does change, only a modification to the trigger is required instead of to each
application program.

For example, triggers can be used to automatically update summary or audit data.

A user-defined function (UDF) can be called within a triggered SQL statement. This
allows the triggered action to perform a non-SQL operation when the trigger is fired. For
example, e-mail can be sent as an alert mechanism. For more information on triggers,
see “Creating a Trigger” on page 109 and the Embedded SQL Programming Guide
manual.
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Other Database Design Considerations

When designing a database, it is important to consider which tables each user should
be able to access. Access to tables is granted or revoked through authorizations. The
highest level of authority is the system administration authority (SYSADM). A user with
SYSADM authority can assign other authorizations, including the database
administrator authority (DBADM).

There are other requirements that you may have to consider during your design, such
as audit, history, summary, security, data typing, and parallel processing capability.

For audit purposes, you may have to record every update made to your data for a
specified period. For example, you may want to update an audit table each time an
employee's salary was changed. Updates to this table could be made automatically if a
trigger was established to enforce this behavior. Another way to carry out audit
activities is through the use of the DB2 audit facility. See Chapter 5, “Auditing DB2
Activities” on page 175 for more information.

For performance reasons, you may only want to access a selected amount of data,
while maintaining the base data as history. You should include within your design, the
requirements for maintaining this historical data, such as the number of months or
years of data that is required to be available before it can be purged.

There may be situations identified within your design that deal with summary
information. For example, you may have a table that has all of your employee
information in it. However, you would like to have have the employee information
divided into separate tables by division or department. In this case, a summary table
for each division or department based on the data in the original table would be helpful.
See “Creating a Summary Table” on page 118 for more information on summary
tables.

Security implications should also be identified within your design. For example, you may
decide to support user access to certain types of data through security tables. You can
define access levels to various types of data and who can access this data.

Confidential data such as employee and payroll data, would have stringent security
restrictions imposed where only a select number of individuals could be authorized to
view this data, whereas certain time reporting data could be set up to be viewed
globally. For more information on security and authorizations, see Chapter 4,
“Controlling Database Access” on page 141.

You can create tables that have a structured type associated with them. With such
typed tables, you can establish a hierarchical structure with a defined relationship
between those tables called a type hierarchy. The type hierarchy is made up of a single
root type, supertypes, and subtypes.

A reference type representation is defined when the root type of a type hierarchy is
created. The target of a reference is always a row in a typed table or view.
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See Chapter 3, “Implementing Your Design” on page 61 for more information on
implementing a design that includes typed rows and tables. See Chapter 6, “Utilities for
Moving Data” on page 203 for more information on moving data between typed tables
that are in a hierarchical structure.

As your business grows, you may need the additional capacity and performance
capability provided by DB2 Extended Enterprise Edition. In this environment, your
database is partitioned across several machines or systems, each responsible for the
storage and retrieval of a portion of the overall database. In this environment, each
partition (or node) of the database works in parallel to handle SQL or utility operations.

Issues and considerations relating to parallel operations are presented as appropriate to

the topics presented in the following chapters. These issues and considerations are
typically found toward the end of each topic.
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Chapter 2. Designing Your Physical Database

After you have completed Chapter 1, Designing Your Logical Database and before
Chapter 3, Implementing Your Design, there are a number of factors you should
consider about the physical environment in which your database and tables will be
implemented. These factors include understanding the files that will be created to
support and manage your database, understanding how much space will be required to
store your data, and determining how you should use table spaces that are required to
store your data.

The following topics are discussed:

¢ Database Physical Directories

e Estimating Space Requirements for Tables
¢ Additional Space Requirements

¢ Designing Nodegroups

¢ Designing and Choosing Table Spaces

Database Physical Directories

When a database is created, the database manager creates a separate subdirectory to
store control files (such as log header files) and to allocate containers to default table
spaces. Objects associated with the database are not always stored in the database
directory; they can be stored in various locations, including directly on devices.

The database is created in the instance that is defined in the DB2INSTANCE
environment variable or in the instance to which you have explicitly attached (using the
ATTACH command). See the “Using Multiple Instances of the Database Manager” on
page 62 for an introduction to instances.
The naming scheme used on UNIX platforms is
specified _path/$DB2INSTANCE/NODEnnnn/SQLO0OO1
The naming scheme used on Intel platforms is
D:\$DB2INSTANCE\NODEnnnn\SQLOOOO1
where
e specified_path is the optional, user-specified location to install the instance.

¢ NODEnnnn is the node identifier in a partitioned database environment. The first
node is NODE0QGOO.

e “D:"is a “drive letter” identifying the volume where the root directory is located.

SQLO0OO1 contains objects associated with the first database created, and subsequent
databases are given higher numbers: SQLO0002 and so on.

The subdirectories are created in a directory with the same name as the database
manager instance to which you are attached when you are creating the database. (On
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Intel platforms, the subdirectories are created under the root directory on a given
volume which is identified by a “drive letter.”) These instance and database
subdirectories are created within the path specified in the CREATE DATABASE
command, and the database manager maintains them automatically. Depending on
your platform, each instance might be owned by an instance owner, who has system
administrator (SYSADM) authority over the databases belonging to that instance.

To avoid potential problems, do not create directories that use the same naming
scheme, and do not manipulate directories that have already been created by the
database manager.

Database Physical Files
The following files are found within the database:

File Name Description

SQLDBCON This file stores the tuning parameters and flags for the database.
See Chapter 20, “Configuring DB2” on page 597 for information
about changing database configuration parameters.

SQLOGCTL.LFH This file is used to help track and control all of the database log
files.

Syyyyyyy.LOG Database log files, numbered from 0000000 to 9999999. The
number of these files is controlled by the logprimary and
logsecond configuration parameters. The size of the individual
files is controlled by the logfilsiz configuration parameter.

With circular logging, the files are reused and the same numbers
will remain. With archival logging, the file numbers will increase in
sequence as logs are archived and new logs are allocated. When
9999999 is reached, the number will wrap.

By default, these log files are stored in a directory called
SQLOGDIR. SQLOGDIR is found in the SQLnnnnn subdirectory.

SQLINSLK This file is used to help ensure that a database is only used by
one instance of the database manager.

SQLTMPLK This file is used to help ensure that a database is only used by
one instance of the database manager.

SQLSPCS.1 This file contains the definition and current state of all table
spaces in the database.

SQLSPCS.2 This file is a copy of SQLSPCS.1, and is created for protection in

case SQLSPCS.1 fails. Without one of these files, you will not be
able to access your database.

SQLBP.1 This file contains the definition of all of the buffer pools used in
the database.

SQLBP.2 This file is a copy of SQLBP.1 and is created for protection in
case SQLBP.1 fails. Without one of these files, you will not be
able to access your database.

28  Administration Guide



Notes:

1. Do not make any direct changes to these files. They can only be accessed
indirectly using the documented APIs and by tools that implement those APIs,
including the command line processor commands and the graphical Control Center.

2. Do not remove these files.
3. Do not move these files.

4. The only supported means of backing up a database or table space is through the
BACKUP API, including the command line processor and Control Center
implementations of that API.

Estimating Space Requirements for Tables
The following information provides a general rule for estimating the size of a database:

e “System Catalog Tables”

e “User Table Data” on page 30

e “Long Field Data” on page 31

e “Large Object (LOB) Data” on page 32
¢ “Index Space” on page 32

After reading these sections, you should read “Designing and Choosing Table Spaces”
on page 43.

Information is not provided for the space required by such things as:

¢ The local database directory file

e The system database directory file

¢ The file management overhead required by the operating system, including:
— file block size
— directory control space

Information such as row size and structure is precise. However, multiplication factors for
file overhead because of disk fragmentation, free space, and variable length columns
will vary in your own database since there is such a wide range of possibilities for the
column types and lengths of rows in a database. After initially estimating your database
size, create a test database and populate it with representative data. You will then find
a multiplication factor that is more accurate for your own particular database design.

System Catalog Tables
When a database is initially created, system catalog tables are created. The system
tables will grow as database objects and privileges are added to the database. Initially,
they use approximately 2.5 MB of disk space.

The amount of space allocated for the catalog tables depends on the type of table
space and the extent size for the table space containing the catalog tables. For
example, if a DMS table space with an extent size of 32 is used, the catalog table
space will initially be allocated 20MB of space. For more information, see “Designing
and Choosing Table Spaces” on page 43.
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Note: For databases with multiple partitions, the catalog tables only reside on the
partition where the CREATE DATABASE was issued. Disk space for the catalog
tables is only required for that partition.

User Table Data

By default, table data is stored on 4KB pages. Each 4 KB page contains 76 bytes of
overhead for the database manager. This leaves 4020 bytes to hold user data (or
rows), although no row can exceed 4005 bytes in length. A row will not span multiple
pages. You can have a maximum of 500 columns when using a 4 KB page size.

Note that the table data pages do not contain the data for columns defined with LONG
VARCHAR, LONG VARGRAPHIC, BLOB, CLOB, or DBCLOB data types. The rows in
a table data page do, however, contain a descriptor of these columns. (See “Long Field
Data” on page 31 and “Large Object (LOB) Data” on page 32 for information about
estimating the space required for the table objects that will contain the data stored
using these data types.)

Typically, rows are inserted into the table in an approximate first-fit order. The file is
searched (using a free space map) for the first available space that is large enough to
hold the new row. When a row is updated, it is updated in place unless there is
insufficient room left on the page to contain it. If this is the case, a record is created in
the original row location which points to the new location in the table file of the updated
row.

If the ALTER TABLE APPEND ON statement is used, then data will always be
appended and information about any free space on the data pages will not be kept.

See “Long Field Data” on page 31 and “Large Object (LOB) Data” on page 32 for
information about how LONG VARCHAR, LONG VARGRAPHIC, BLOB, CLOB and
DBCLOB data is stored and for estimating the space required to store these types of
columns.

For each user table in the database, the number of 4 KB pages can be estimated by
calculating:

ROUND DOWN(4020/(average row size + 10)) = records_per_page
Then use records_per_page with:

(number_of records/records per page) * 1.1 = number of pages

Note: This formula is only an estimate and is not guaranteed to be accurate.
Accuracy of the estimate lessens if the length of records varies due to
fragmentation and overflow records.

The average row size is the sum of the average column sizes. For information on the
size of each column, see CREATE TABLE in the SQL Reference.

The factor of “1.1” is for overhead.
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You also have the option to create buffer pools or table spaces that have an 8 KB page
size. All tables created within this type of table space will have 8 KB page sizes. A
single table or index object can then be as large as 128 GB in size (the maximum is 64
GB for a single table or index object with a 4 KB page size). You can have a maximum
of 1012 columns when using an 8 KB page size. Rows can be up to 8101 bytes in
length.

Having a larger page size allows for the possible reduction in the number of levels in
any index. If you are working with OLTP applications which do random row reads and
writes, a smaller page size is better because it wastes less buffer space with undesired
rows. If you are working with DSS applications which access large numbers of
consequtive rows at a time, a larger page size is better because it reduces the number
of Input/Output requests required to read a specific number of rows. An exception in
this latter cases occurs when the row size is smaller than the page size divided by 256.
In such a case, there is wasted space on each page. (Recall that there can only be a
maximum of 256 rows per page.) To reduce this wasted space, a smaller page size
may be more appropriate.

There are some restrictions when using an 8 KB page size. Using the extended storage
cache is not allowed. LOB and LONG data cannot reside on pages 8 KB in size. When
conducting backup and restore operations, a table space restore cannot be done from a
4 KB page size to an 8 KB page size; nor the reverse. In addition, you cannot import
IXF data files that represent more than 755 columns.

Long Field Data

If a table has LONG VARCHAR or LONG VARGRAPHIC data, in addition to the byte
count of 20 for the LONG VARCHAR or LONG VARGRAPHIC descriptor (in the table
row), the data itself must be stored. Long field data is stored in a separate table object
which is structured differently from the other data types (see “User Table Data” on
page 30 and “Large Object (LOB) Data” on page 32).

Data is stored in 32KB areas that are broken up into segments whose sizes are
“powers of two” times 512 bytes. (Hence these segments can be 512 bytes, 1024
bytes, 2048 bytes, and so on, up to 32,700 bytes.)

Each of these data types is stored in a fashion that enables free space to be reclaimed
easily. Allocation and free space information is stored in 4KB allocation pages, which
appear infrequently throughout the object.

The amount of unused space in the object depends on the size of the long field data
and whether this size is relatively constant across all occurrences of the data. For data
entries larger than 255 bytes, this unused space can be up to 50 percent of the size of
the long field data.

If character data is less than 4KB in length, and it fits in the record with the rest of the

data, the CHAR, GRAPHIC, VARCHAR, or VARGRAPHIC data types should be used
instead of LONG VARCHAR or LONG VARGRAPHIC.
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Large Object (LOB) Data
If a table has BLOB, CLOB, or DBCLOB data, in addition to the byte count (between 72
and 312 bytes) for the BLOB, CLOB, or DBCLOB descriptor (in the table row), the data
itself must be stored. This data is stored in two separate table objects that are
structured differently than other data types (see “User Table Data” on page 30 and
“Long Field Data” on page 31).

To estimate the space required by large object data, you need to consider the two table
objects used to store data defined with these data types:

e LOB Data Objects

Data is stored in 64MB areas that are broken up into segments whose sizes are
“powers of two” times 1024 bytes. (Hence these segments can be 1024 bytes,
2048 bytes, 4096 bytes, and so on, up to 64MB.)

To reduce the amount of disk space used by the LOB data, you can use the
COMPACT parameter on the lob-options-clause on the CREATE TABLE and
ALTER TABLE statements. The COMPACT option minimizes the amount of disk
space required by allowing the LOB data to be split into smaller segments so that it
will use the smallest amount of space possible. This does not involve data
compression but is simply using the minimum amount of space to the nearest 1KB
boundary. Without the COMPACT option, there is no attempt to reduce the space
used to the nearest 1KB boundary. Appending to LOB values stored using the
COMPACT option may result in slower performance compared to appending LOB
values for which the COMPACT option is not specified.

The amount of free space contained in LOB data objects will be influenced by the
amount of update and delete activity, as well as the size of the LOB values being
inserted.

¢ LOB Allocation Objects

Allocation and free space information is stored in 4KB allocation pages separated
from the actual data. The number of these 4KB pages is dependent on the amount
of data, including unused space, allocated for the large object data. The overhead
is calculated as follows: one 4KB pages for every 64GB plus one 4KB page for
every 8MB.

If character data is less than 4KB in length, and it fits in the record with the rest of the
data, the CHAR, GRAPHIC, VARCHAR, or VARGRAPHIC data types should be used
instead of BLOB, CLOB or DBCLOB.

Index Space
For each index, the space needed can be estimated as:

(average index key size + 8) * number of rows * 2
where:

e The “average index key size” is the byte count of each column in the index key.
See the CREATE TABLE statement in the SQL Reference for information on how
to calculate the byte count for columns with different data types. (Note that to
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estimate the average column size for VARCHAR and VARGRAPHIC columns, use
an average of the current data size, plus one byte. Do not use the maximum
declared size.)

e The factor of 2 is for overhead, such as non-leaf pages and free space.

Note: For every column that allows nulls, add one extra byte for the null indicator.

Temporary space is required when creating the index. The maximum amount of
temporary space required during index creation can be estimated as:

(average index key size + 8) * number of rows * 3.2

Where the factor of 3.2 is for index overhead as well as space required for the sorting
needed to create the index.

Note: In the case of non-unique indexes, only four (4) bytes are required to store
duplicate key entries. The estimates shown above assume no duplicates. The
space required to store an index may be over-estimated by the formula shown
above.

The following two calculations can be used to estimate the number of leaf pages. The
results are not guaranteed. The results are only an estimate, and the accuracy depends
largely on how well the averages used reflect the actual data.

Note: For SMS, the minimum space is 12KB. For DMS, the minimum is an extent.

Following are two methods that you can use when calculating index space. The first
method is a rough estimate, while the second method provides a more accurate
estimate:

e The average number of keys per leaf page is roughly:
(.9 % (U- (Mx2))) = (D + 1)

K+6+ (4 D)
where:
— U = the usable space on a page is approximately equal to the page size minus
100. For a page size of 4096, U is 3996.
— M =U/ (8 + minimumKeySize)
— D = average number of duplicates per key value
— K = averageKeySize

Remember that minimumKeySize and averageKeysize must have an extra 1 byte
for each nullable key part and an extra byte for the length of each variable length
key part.

If there are include columns, they should be accounted for in minimumKeySize and
averageKeySize.

The .9 can be replaced by any (100 - pctfree)/100, if a percent free other than the
default of ten (10) percent was specified during the index creation.

¢ |f you want a more accurate estimate:
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L = number of leaf pages = X / (avg number of keys on leaf page)
Where X is the total number of rows in the table.

You can estimate the original size of an index as:
(L + 2L/(average number of keys on leaf page)) * pagesize

For DMS tablespaces, add together the total sizes for all indexes on a table, and
round up to a multiple of the extent size for the table space where the index
resides.

You should provide additional space for index growth due to INSERT/UPDATE
activity, which may result in page splits.

Use the following calculations to obtain a more accurate estimate of the original
index size, as well as an estimate of the number of levels in the index. (This may
be of particular interest if include columns are being used in the index definition.)
The average number of keys per non leaf page is roughly:

(.9 % (U- (Mx2))) = (D + 1)

Where

U Is the same as for the leaf page calculation above.

D Is the average number of duplicates per key value on non leaf pages
(this will be much smaller than on leaf pages and you may want to
simplify by setting to 0).

M IsU / (8 + minimumKeySize for non leaf pages).

K Is the averageKeySize for non leaf pages.

The minimumKeySize and averageKeySize will be the same as on leaf pages, except
when there are include columns. Include columns are not stored on the non leaf
pages, so the size of include columns should be excluded from the minimumKeySize
and averageKeySize for non leaf page calculations.

You should not replace .9 with (100 - pctfree)/100 unless this value is greater
than .9, because a maximum of 10% free space will be left on non-leaf pages
during index creation.

The number of non-leaf pages can be estimated as follows:
Is the number of pages (O initially).

Is the number of leaf pages.

Is the number of keys for each non-leaf page.
Is L/N.

N < Z2 ™

Is the number of levels in the tree (1 initially).
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if L > 1 then {P++; Z++}
While (Y > 1)
{
P=P+Y
Y=Y/N
I++

So the total number of pagesis T = (L + P + 2) * 1.0002. The additional .02% is
for overhead such as space map pages.

The amount of space required to create the index is estimated as T * pagesize,
and the number of levels in index tree is estimated to be Z.

Additional Space Requirements

Additional space is also required as follows:

Log File Space

“Log File Space”
“Temporary Work Space” on page 36

The amount of space (in bytes) required for log files can range from:

to:

( Togprimary * (logfilsiz + 2 ) * 4096 ) + 8192

( (Togprimary + logsecond) * (logfilsiz + 2 ) » 4096 ) + 8192

where:

logprimary is the number of primary log files as defined in the database
configuration file (see “Number of Primary Log Files (logprimary)” on page 660)
logsecond is the number of secondary log files as defined in the database
configuration file (see “Number of Secondary Log Files (logsecond)” on page 662)
logfilsiz is the number of pages in each log file as defined in the database
configuration file (see “Size of Log Files (logfilsiz)” on page 659)

2 is the number of header pages required for each log file

4096 is the number of bytes in one page

8192 is the size (in bytes) of the log control file.

The upper limit of log space is dependent on the actual number of secondary log files
that the database manager requires at run time. This upper limit may never be used or
may only be used during occasional periods of high-volume activity.

Note: If the database is enabled for roll-forward recovery, special log space

requirements should be considered:

With the logretain configuration parameter enabled, the log files will be archived in
the log path directory. The on-line disk space will eventually fill up, unless you
move the log files to a different location.
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¢ With the userexit configuration parameter enabled, a user exit program moves the
archived log files to a different location. Extra log space is still required to allow for:
— On-line archived logs that are waiting to be moved by the user exit program
— New log files being formatted for future use.

Temporary Work Space
Some SQL statements require temporary tables for processing (such as a work file for
sorts that cannot be done in memory). These require disk space for storage during the
time they are used. The amount required will be totally dependent on the queries and
the size of tables returned, and therefore cannot be estimated.

You can use the database system monitor and query table space APIs to help you
observe the amount of work space being used during the normal course of operations.

Designing Nodegroups

A nodegroup is a named set of one or more nodes that are defined as belonging to a
database. Each database partition that is part of the database system configuration
must already be defined in a partition configuration file called db2nodes.cfg. A
nodegroup can contain from one database partition to the entire number of database
partitions defined for the database system.

You create a new nodegroup using the CREATE NODEGROUP statement. You modify
a nodegroup using the ALTER NODEGROUP statement. You can add or drop one or
more database partitions from a nodegroup. The database partitions must be defined in
the db2Znodes.cfg file before modifying the nodegroup. Table spaces (defined later)
reside within nodegroups. Tables reside within table spaces.

When a nodegroup is created or modified, a partitioning map is associated with it. A
partitioning map, in conjunction with a partitioning key and a hashing algorithm, is used
by the database manager to determine which database partition in the nodegroup will
store a given row of data. More information on partitioning maps, keys, and other
related issues are discussed later in this chapter.

With a non-partitioned database, no partitioning key or partitioning map is required.
There are no nodegroup design considerations if you are using a non-partitioned
database. A database patrtition is part of the database that consists of its own user
data, indexes, configuration files, and transaction logs. Default nodegroups that were
created when the database was created, are used by the database manager.
IBMCATGROUP is the default nodegroup for the table space containing the system
catalogs. IBMTEMPGROUP is the default nodegroup for the table spaces containing
the temporary tables. IBMDEFAULTGROUP is the default nodegroup for the table
spaces containing the user-defined tables the user chooses to put there.

If you are using a multiple partition nodegroup, consider the following design points:

¢ In a multiple partition nodegroup, you can only create a unique index if it is a
superset of the partitioning key.
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¢ Depending on the number of database partitions in the database, you may have
one or more single-partition nodegroups and one or more multiple partition
nodegroups present.

¢ There can be no duplicate database partitions within a nodegroup, although the
same database partition may be found in one or more nodegroups.

¢ To ensure fast recovery of the database partition with the system catalog tables,
avoid placing user tables on the same database partition. This is accomplished by
placing user tables in nodegroups that do not include the database partition in the
IBMCATGROUP nodegroup.

You should place small tables in single database partition nodegroups, except where
you want to take advantage of collocation with a larger table. Collocation is the
placement of rows from different tables that contain related data in the same database
partition. Collocated tables allow the database to utilize more efficient join strategies.
Collocated tables can reside in a single database partition nodegroup. Tables are
considered collocated if they reside in a multiple partition nodegroup, and have the
same number of columns in the partitioning key and the data types of the
corresponding columns are partition compatible. Rows in collocated tables with the
same partitioning key value are placed on the same database partition. Tables can be
in separate table spaces in the same nodegroup and still be considered collocated.

You should avoid extending medium-sized tables across too many database partitions.
For example, a 100 MB table may perform better on a 16-database partition nodegroup
than on a 32-database partition nodegroup.

You can use nodegroups to separate online-transaction-processing (OLTP) tables from
decision-support tables to ensure that the performance of OLTP transactions is not
impacted by decision-support transactions.

Nodegroup Design Considerations
Based on the logical design of your database, and the amount of data that the
database is required to process, you should have a good idea whether your database
needs to be partitioned. If you need to partition your database, you should consider the
following to complete your database design as it relates to nodegroup use:

e “Data Partitioning”

e “Partitioning Maps” on page 38

e “Partitioning Keys” on page 39

e “Table Collocation” on page 41

e “Partition Compatibility” on page 42

e “Replicated Summary Tables” on page 42

Data Partitioning

DB2 supports a partitioned storage model allowing you to store data across several
database partitions in the database. This means that the data is physically stored
across more than one database partition and yet can be accessed as if the data were
located in the same place. Applications and users accessing data in a partitioned
database do not need to be aware of the location of the data.
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The data, while physically split, is used and managed as a logical whole. Users can
choose how to partition their data by declaring partitioning keys. Users can also
determine which and how many database partitions their table data can be spread
across by selecting the table space and the associated nodegroup in which the data
should be stored. In addition, a partitioning map (which is user-updateable) is used with
a hashing algorithm to specify the mapping of partitioning key values to database
partitions which determines the placement and retrieval of each row of data. As a
result, you can spread the workload across a partitioned database for large tables while
allowing smaller tables to be stored on one or more database partitions. Each database
partition has local indexes on the data it stores resulting in increased performance for
local data access.

You are not restricted in your design to having all tables in their table spaces divided
equally across all database partitions in the database. DB2 supports partial
declustering, which means that you can divide tables and their table spaces across a
subset of database partitions in the system (that is, a nodegroup). You do not have to
divide all tables in their table spaces across all the database partitions in the system.

An alternative to consider when you would like tables to be positioned on each
database partition, is to use summary tables and then replicate those tables. A
summary table could be created with the information you choose. Then you could
replicate the summary table to each node. See “Replicated Summary Tables” on
page 42 for more information on why you would want to do this.

Partitioning Maps

In a partitioned database environment, the database manager has to have a way of
knowing which rows of a table are stored on which database partition in the database.
The database manager has to know where to go to look at or retrieve the data it needs.
Just as we need a map to find our way around a city to different locations, the
database manager needs a map, called a partitioning map, to find the right part of the
database (that is, which database partition) to go to get different parts of the data in the
database.

A partitioning map is an internally generated array containing either 4096 entries for
multiple partition nodegroups, or a single entry for single partition nodegroups. For a
single partition nodegroup, the partitioning map has only one entry containing the
partition number of the database partition where all the rows of a database table are
stored. For multiple partition nodegroups, the partition numbers of the nodegroup are
specified in a round-robin fashion. Just as a city map is organized into sections using a
grid, the database manager uses a partitioning key to determine the location (the
database partition) where the data is stored.

For example, assume that you have a database created on four database partitions
(numbered 0-3). The partitioning map for the IBMDEFAULTGROUP nodegroup of this
database would be:

6123012...
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If a nodegroup had been created in the database using database partitions 1 and 2, the
partitioning map for that nodegroup would be:

l1212121...

If the partitioning key for a table to be loaded in the database is an integer that has
possible values between 1 and 500000, the partitioning key is hashed to a partition
number between 0 and 4095. That number is used as an index into the partitioning
map to select the database partition for that row.

Figure 16 shows how the row with the partitioning key value (c1, c2, ¢3) is mapped to
partition 2, which, in turn, references database partition n5.

partitioning key
Row: (..,c1,c2,c3,...)

L’J

partitioning function maps (c1, c2, c3) to partition number 2

Partitioning Map: | n0 | n2 |[n5| n0| n6 ; f

o 1 2 3 4 .. 4095

Figure 16. Data Distribution Using a Partition Map

A partition map is a flexible way of controlling where data is stored in a partitioned
database. If you have a need at some future time to change the data distribution across
the database partitions in your database, you can use the data redistribution utility. The
data redistribution utility allows you to re-balance or introduce skew into the data
distribution. For more information regarding this utility, see Chapter 18, “Redistributing
Data Across Database Partitions” on page 579.

You can use the Get Table Partitioning Information (sqlugtpi) API to obtain a copy of a
partitioning map that you can view. For more information on this API, see the API
Reference manual.

Partitioning Keys

A partitioning key is a column (or group of columns) that is used to determine the
partition in which a particular row of data is stored. A partitioning key is defined on a
table using the CREATE TABLE statement. If a partitioning key is not defined for a
table in a table space that is divided across more than one database partition in a
nodegroup, one is created by default from the first column of the primary key. If no
primary key is specified, the default partitioning key is the first non-long field column
defined on that table. (Long includes all long data types and all Large Object data
types). If you are creating a table in a table space associated with a single database
partition nodegroup and you want to have a partitioning key, you must define the
partitioning key explicitly. One is not created by default.
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If no columns satisfy the requirement of the default partitioning key, the table is created
without one. Tables without a partitioning key are only allowed in single database
partition nodegroups. You can add or drop partitioning keys at a later time following the
initial creation of the table using the ALTER TABLE statement. Altering the partition key
can only be done to a table in a table space that is associated with a single database
partition nodegroup.

Choosing a good partitioning key is important. When you make the choice, you must
know:

e How tables are to be accessed
e The nature of the query workload
e The join strategies employed by the database system.

If collocation is not a major consideration, a good partitioning key for a table is one that
spreads the data evenly on all database partitions in the nodegroup. The partitioning
key for each table in a table space that is associated with a nodegroup determines if
the tables are collocated. Tables are considered collocated when:

e The tables are placed in table spaces that are in the same nodegroup
e The partition keys in each table have the same number of columns
e The data types of the corresponding columns are partition-compatible.

This ensures that rows of collocated tables with the same partitioning key values are
located on the same partition. For more information on partition-compatibility, see
“Partition Compatibility” on page 42. For more information on table collocation, see
“Table Collocation” on page 41.

An inappropriate partitioning key can cause the distribution in the data of the table to be
uneven. Columns with unevenly distributed data and columns with a small number of
distinct values should not be chosen as a partitioning key. The number of distinct
values must be great enough to ensure an even distribution of rows across all database
partitions in the nodegroup. The cost of applying the partitioning hash algorithm is
proportional to the size of the partitioning key. The partitioning key cannot be more than
16 columns, but fewer columns make for better performance. Unnecessary columns
should not be included in the partitioning key.

The following points should be considered when defining partitioning keys:

¢ Creation of a table with only long data types (LONG VARCHAR, LONG
VARGRAPHIC, BLOB, CLOB, and DBCLOB) is not allowed for multi-partition
tables.

¢ Once defined, alteration of the partition key definition is not allowed.

e You cannot update the partitioning key column value for a row in the table.
e You can only delete or insert partitioning key column values.

e The partitioning key should include the most frequently joined columns.

e The partitioning key should be made up of columns that often participate in a
GROUP BY clause.
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¢ Any unique key or primary key must contain all the partitioning key columns.

¢ In an online-transaction processing (OLTP) environment, all columns in the
partitioning key should participate in the transaction by using equal (=) predicates
with constants or host variables. For example, assume you have an employee
number, emp_no that is often used in transactions such as:

UPDATE emp_table SET ... WHERE
emp_no = host-variable

In a situation like this, the emp_no column is a good choice as a single column
partitioning key for the emp_table table.

Hash partitioning is the method whereby the placement of each row in the partitioned
table is determined. The method works as follows:

1. The hashing algorithm is applied to the value of the partitioning key.

2. The hashing algorithm generates a partitioning map number between zero (0) and
4095.

3. The partitioning map is created when a nodegroup is created. Each of the partition
numbers is sequentially repeated in a round-robin fashion to fill the partition map.
For more information on partitioning maps, see “Partitioning Maps” on page 38.

4. The partition map number is used as an index into the partitioning map. The
number at that location in the partitioning map is the number of the database
partition where the row is stored.

Table Collocation

When logically designing your database, and based on the needs of your applications,
you may find that two or more tables will jointly provide data in response to frequently
asked queries. When physically designing your database, you want related data from
these two tables to be located as close together as possible. In an environment where
the database is physically divided among two or more database partitions, there must
be a way to keep the related pieces of the divided tables as close together as possible.
The ability to do this is called table collocation.

Tables are collocated when they are stored in the same nodegroup, and when their
partitioning keys are compatible. Placing both tables in the same nodegroup ensures a
common partitioning map. The tables may be in different table spaces, but the table
spaces must be associated with the same nodegroup. The data types of the
corresponding columns in each partitioning key must be partition-compatible. For
information about partition compatibility, see “Partition Compatibility” on page 42.

DB2 has the ability to recognize, when accessing more than one table for a join or
subquery, that the data to be joined is located at the same database partition. When
this happens, DB2 can choose to perform the join or subquery at the database partition
where the data is stored instead of having to move data between database partitions.
This ability to carry out joins or subqueries at the database partition has significant
performance advantages. For more information, see “Collocated Joins” on page 497.
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Partition Compatibility

The base data types of corresponding columns of partitioning keys are compared and
can be declared as being partition compatible. Partition compatible data types have the
property that two variables, one of each type, with the same value, are mapped to the
same partition number by the same partitioning algorithm.

Partition compatibility has the following characteristics:

e A base data type is compatible with another of the same base data type.

¢ Internal formats are used for DATE, TIME, and TIMESTAMP data types. They are
not compatible with each other, and none are compatible with CHAR.

e Partition compatibility is not affected by columns with NOT NULL or FOR BIT
DATA definitions.

¢ NULL values of compatible data types are treated identically. Different results might
be produced for NULL values of non-compatible data types.

¢ Base data types of a User Defined Type are used to analyze partition compatibility.

¢ Decimals of the same value in the partitioning key are treated identically, even if
their scale and precision differ.

¢ Trailing blanks in character strings (CHAR, VARCHAR, GRAPHIC, or
VARGRAPHIC) are ignored by the system-provided hashing algorithm.

¢ BIGINT, SMALLINT, and INTEGER are compatible data types.

¢ REAL and FLOAT are compatible data types.

e CHAR and VARCHAR of different lengths are compatible data types.

e GRAPHIC and VARGRAPHIC are compatible data types.

¢ LONG VARCHAR, LONG VARGRAPHIC, CLOB, DBLOB and BLOB data types
are not applicable for partition compatibility since they are not supported as
partitioning keys.

Replicated Summary Tables

A summary table is a table that is defined by a query that is also used to determine the
data in the table. Summary tables can be used to improve the performance of queries.
If the database manager determines that a portion of a query could be resolved using a
summary table, the query may be rewritten by the database manager to use the
summary table. This decision is based on certain settings such as CURRENT
REFRESH AGE and CURRENT QUERY OPTIMIZATION special registers.

In a partitioned database environment, you can replicate summary tables. You can use
replicated summary tables to improve query performance. A replicated summary table
is a table that is based on a table that you created in a table space (perhaps a table
space created in a single-partition nodegroup), but you want all the table data replicated
across all the database partitions in the nodegroup. To create the replicated summary
table, you use the CREATE TABLE statement with the REPLICATED keyword. The
REPLICATED keyword is only valid when the AS fullselect and REFRESH IMMEDIATE
keywords are also used.

See “Creating a Summary Table” on page 118 for information concerning summary
tables.
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By using replicated summary tables, you can obtain collocation between tables that are
not typically collocated. Replicated summary tables are particularly useful for joins in
which you have a large fact table and small dimension tables. To minimize the extra
storage required and the impact of having to update every replica, good candidates for
tables to be replicated would have the following characteristics:

e They are small.
¢ They are infrequently updated.

Note: You should also consider replicating larger tables that are infrequently updated:
in this situtation, the one-time cost of replication is offset by the performance
benefits that can be obtained by collocation.

By specifying a suitable predicate in the subselect used to define the replicated table,
you can replicate both selected columns, selected rows, or both.

For more information about replicated summary tables, see the CREATE TABLE
statement in the SQL Reference. For more information about collocation, see
“Collocated Joins” on page 497.

Designing and Choosing Table Spaces

A table space is a storage model that provides a level of indirection between a
database and the tables stored within that database. Table spaces reside in
nodegroups. Table spaces allow you to assign the location of database and table data
directly onto containers. (A container can be a directory name, a device name, or a file
name.) This can provide improved performance, more flexible configuration, and better
integrity.

Since table spaces reside in nodegroups, the table space selected to hold a table
defines how the data for the table is partitioned across the database partitions in a
nodegroup. A single table space can span several containers. It is possible for multiple
containers (from one or more table spaces) to be created on the same physical disk (or
drive, in Intel terms). For improved performance, each container should use a different
disk. The following diagram shows an example of the relationship between tables and
table spaces within a database and the containers and disks associated with the
database.
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Figure 17. Table Spaces and Tables Within a Database

The EMPLOYEE and DEPARTMENT tables are in the HUMANRES table space which
spans Containers 0, 1, 2 and 3. The PROJECT table is in the SCHED table space in
Container 4. This example shows each container existing on a separate disk.

The database manager attempts to balance the load of the data across the containers.
As a result, all containers will be used to store data. The number of pages that the
database manager writes to a container before using a different container is called the
extent size. The database manager does not always start storing table data in the first
container.

The following diagram shows the HUMANRES table space with an extent size of two
4KB pages, and with four containers each with a small number of allocated extents.
The DEPARTMENT and EMPLOYEE tables both have 7 pages and span all four
containers.
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Figure 18. Use of Container and Extents

A database must contain at least three table spaces:

¢ One catalog table space, which contains all the system catalog tables for the
database. This table space is called SYSCATSPACE and it cannot be dropped.
IBMCATGROUP is the default nodegroup for this table space.

e One or more user table spaces, which contain all user-defined tables. By default,
one table space, USERSPACEL]L, is created. IBMDEFAULTGROUP is the default
nodegroup for this table space.

You should specify a table space name when you create a table, or the results
may not be what you intend. If you do not specify a table space name, the table is
placed according to the following rules: If the table space IBMDEFAULTGROUP
exists with a sufficient page size, then use it. Otherwise, use a table space created
by you if one exists with a sufficient page size. Otherwise, use USERSPACEL if it
exists with a sufficient page size. Otherwise, use USERSPACESK if it exists with a
sufficient page size. If none of these exist with a sufficient page size, then the table
creation fails.

The sufficient page size of a table is determined by either the byte count of the
rows or the number of columns. The maximum number of bytes allowed in a row of
a table is dependent on the page size of the table space in which the table is
created. You should note that table spaces with a page size of 8 KB do not support
LONG data. If you want to store a table with LOBs in a table space with 8 KB size
pages, you must use DMS table spaces. You can use a table space with 8 KB size
pages, and a table space with 4 KB size pages for the LONG data (remember that
SMS doesn't support tables that span table spaces, while DMS does). If the
number of columns or the row size would require an 8 KB page size table space
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and there are no 8 KB table spaces available, an error is returned (SQLSTATE
42997).

e One or more temporary table spaces, which contain temporary tables. By default
one table space called TEMPSPACEL is created. A database must have at least
one temporary table space. IBMTEMPGROUP is the default nodegroup for this
table space.

Note: If queries are executing against tables in table spaces that are defined with
with a page size of 8 KB, some of them may fail because of the lack of a
temporary table space defined with a page size of 8 KB (for example, an
ORDER BY on 1012 columns). You may need to create a temporary table
space with an 8 KB page size.

If a database uses more than one temporary table space, temporary objects are
allocated among the temporary table spaces in a round robin fashion.

An application may encounter a temp-tablespace-full condition when one of the
table spaces is full even if there is still room in the other temporary table spaces.
Thus, you should observe the following guidelines when creating temporary table
spaces:

— Create one SMS temporary table spaces for every page size.
— Define the containers for these table spaces so that they share the same file
system (or file systems).

Note: In a partitioned database environment, the catalog node will have all three table
spaces and the other database partitions will each have only TEMPSPACE1
and USERSPACEL.

There are two types of table spaces, both of which can be used in a single database:

¢ System Managed Space Table Space: The operating system's file manager
controls the storage space.

e Database Managed Space Table Space: The database manager controls the
storage space.

After understanding the differences between these two types of table spaces, see
“Table Space Design Considerations” on page 52.

System Managed Space Table Space
In a System Managed Space (SMS) table space, the operating system's file system
manager allocates and manages the space where the table is to be stored. The storage
model typically consists of many files, representing table objects, stored in the file
system space. The user decides on the location of the files, DB2 controls their names,
and the file system is responsible for managing them. By controlling the amount of data
written to each file, the database manager evenly spreads the data over the table
space containers. An SMS table space is the default table space.

In addition to the database physical files, each table has at least one SMS physical file
associated with it. See “SMS Physical Files” on page 48 for a list of these files and a
description of their contents.
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In an SMS table space, the file is extended one page at a time as the object grows.
When inserting a large number of rows, some delay may result from waiting for the
system to allocate another page.

Note: If you need improved insert performance, you can consider enabling multipage
file allocation. This allows the system to allocate or extend the file by more than
one page at a time. You must run db2empfa to enable multipage file allocation.
The db2empfa utility must be run on each database partition in a partitioned
database. Once multipage file allocation is enabled, it cannot be disabled. See
the Command Reference for more information on db2empfa.

You should explicitly define SMS table spaces using the MANAGED BY SYSTEM on
the CREATE DATABASE command or on the CREATE TABLESPACE statement. You
must consider two key factors when you design your SMS table spaces:

1. Containers for the table space

You must specify the number of containers that you wish to use for your table
space. It is very important to identify all the containers you want to use, since you
cannot add or delete containers after an SMS table space is created. In a
partitioned database environment, when a new partition is added to the nodegroup
for an SMS table space, the ALTER TABLESPACE statement can be used to add
containers for the new partition.

Each container used for an SMS table space identifies an absolute or relative
directory name. Each of these directories can be located on a different file system
(or physical disk). As a result, the maximum size of the table space can be
calculated by:

number of containers * (maximum file system size supported by the
operating system)

Note: This formula assumes that there is a distinct file system mapped to each
container, and that each file system has the supported maximum of space
available. In practice, this may not be the case and the practical maximum
database size may be much smaller.

Note: Care must be taken when defining the containers. There must not be any
files or directories on the containers. If there are existing files or directories
on the containers, error message “SQL0298N Bad container path.” is
reported.

2. Extent size for the table space

Similar to specifying the number of containers, the extent size can only be
specified when the table space is created. Because it cannot be changed later, it is
important to select an appropriate value for the extent size. See “Choosing an
Extent Size” on page 56 for more information.

When creating a table space, if you do not specify the extent size, the database
manager will create the table space using the default extent size, defined by the
dft_extent_sz database configuration parameter (see “Default Extent Size of Table
Spaces (dft_extent_sz)” on page 646). This configuration parameter is initially set
based on information provided when the database is created. If the
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DFT_EXTENTSIZE parameter is not specified on the CREATE DATABASE
command, the default extent size will be set to 32.

To choose the appropriate values for the number of containers and the extent size for
the table space, you must understand:

e The limitation that your operating system imposes on the size of a logical file
system.

For example, some operating systems have a 2GB limit. Therefore, if you want a
64GB table object, you will need at least 32 containers on this type of system.

Check the limitations on size and the number of containers on the platform where
you are working as part of your determination regarding the number of containers
and the extent size for the table space.

When you create the table space, you can specify containers that reside on
different files systems and as a result increase the amount of data that can be
stored in the database.

¢ How the database manager manages the data files and containers associated with
a table space.

The first table data file (SQLO0O001.DAT) is created in the first container specified
for the table space, and this file is allowed to grow to the extent size. After it
reaches this size, the database manager writes the data to SQLOO001.DAT in the
next container. This process continues until all of the containers contain
SQLO0001.DAT files, at which time, the database manager returns to the first
container to which data was written for that table. This process (known as striping)
continues through the container directories until either a container becomes full at
which time a -289 error is returned; or, no more space can be allocated from the
operating system at which time a disk-full error is returned. This mechanism is also
used for index (SQLnnnnn.INX), long field (SQLnnnnn.LF), and LOB
(SQLnnnnn.LB and SQLnnnnn.LBA) files.

Note: The SMS table space is full as soon as any one of its containers is full.
Thus, it is important to allocate the same amount of space for each
container.

To help spread data across the containers more evenly, the database manager
determines the container to start writing a table's data by taking the table's ID (1 in
the above example) modulo the number of containers. Containers are numbered
sequentially starting at 0.

See “SMS Physical Files” for more information about the files used in an SMS
table space.

SMS Physical Files
The following files are found within an SMS table space directory container:
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File Name
SQLTAG.NAM

SQLxxxxx.DAT

SQLxxxxx.LF

SQLxxxxx.LB

SQLxxxxx.LBA

SQLxxxxx.INX

SQLxxxxx.DTR

SQLxxxxx.LFR

SQLxxxxx.RLB

SQLxxxxx.RBA

Description

There is one of these files in each container subdirectory, and
they are used by the database manager when you connect to the
database to verify that the database is complete and consistent.

Table file. All rows of a table are stored here, with the exception
of LONG VARCHAR, LONG VARGRAPHIC, CLOB, BLOB or
DBCLOB data.

File containing LONG VARCHAR or LONG VARGRAPHIC data
(also called “long field data”). This file is only created if LONG
VARCHAR or LONG VARGRAPHIC columns exist in the table.

Files containing BLOB, CLOB, or DBCLOB data (also called
“LOB data”). These files are only created if BLOB, CLOB, or
DBCLOB columns exist in the table.

Files containing allocation and free space information about the
SQLxxxxx.LB files.

Index file for a table. All indexes for the corresponding table are
stored in this single file. It is only created if indexes have been
defined.

Note: When an index is dropped, the space is not physically
freed from the index (.INX) file until the index file is
deleted. The index file will be deleted if all the indexes on
the table are dropped (and committed) or if the table is
reorganized. If the index file is not deleted, the space will
be marked free once the drop has been committed, and
will be reused for future index creations or index
maintenance.

Temporary data file for a REORG of a DAT file. While
reorganizing a table, the REORG utility creates a table in one of
the temporary table spaces. These temporary table spaces can
be defined to use containers different from those used for the
user-defined tables.

Temporary data file for a REORG of a LF file. Notes for the .DTR
file apply here as well.

Temporary data file for a REORG of a LB file. Notes for the .DTR
file apply here as well.

Temporary data file for a REORG of a LBA file. Notes for the
.DTR file apply here as well.
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Notes:

1. Do not make any direct changes to these files. They can only be accessed
indirectly using the documented APIs and by tools that implement those APIs,
including the command line processor commands and the graphical Control Center.

2. Do not remove these files.
3. Do not move these files.

4. The only supported means of backing up a database or table space is through the
BACKUP API, including implementations of that API, such as those provided by the
command line processor and Control Center.

Database Managed Space Table Space
In a Database Managed Space (DMS) table space, the database manager controls the
storage space. The storage model consists of a limited nhumber of devices, whose
space is managed by DB2. The Administrator decides which devices to use, and DB2
manages the space on the devices. This table space is essentially an implementation of
a special purpose file system designed to best meet the needs of the database
manager. The table space definition includes a list of the devices or files belonging to
the table space in which data can be stored.

A DMS table space containing user-defined tables and data can be defined as:

e Aregular table space to store normal table and index data
e Along table space to store long field or LOB data

When designing your DMS table spaces and containers, you should consider the
following:

¢ The database manager uses striping to ensure an even distribution of data across
all containers.

e The maximum size of the different types of table spaces:

— Regular table and index data: 64GB (for 4 KB pages); 128GB (for 8 KB pages)
— Long field data: 2TB
— Temp data: 2TB

¢ Unlike SMS table spaces, the containers that make up a DMS table space do not
need to be the same size. Also, if any container is full, DMS table spaces use any
available free space from other containers.

e The space is preallocated.

Because it is preallocated, the space must be available before the table space can
be created. When using device containers, the device must also exist with enough
space for the definition of the container. Each device can have only one container
defined to it, so to avoid wasted space, the size of the device and the size of the
container should be equivalent. If, for example, the device is allocated with 5000
pages and the device container is defined to allocate 3000 pages, then 2000 pages
on the device will not be usable.
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¢ One page in every container is reserved for overhead and the remaining pages will
be used one extent at a time. Only full extents are used in the container, so for
optimal space management, you can use the following formula to help you
determine the appropriate size to use when allocating a container:

(extent size * n) + 1

where, extent size is the size of each extent for the table space and n is the
number of extents you want to store in the container.

¢ The number of extents you require:

— Three extents in the table space are reserved for overhead

— At least two extents are required to store any user table data. (These two
extents allow for the regular data for one table, not for any index, long field or
large object data which require their own extents.)

¢ Device containers must use logical volumes with a “character special interface,” not
physical volumes.

¢ You can use files instead of devices with DMS table spaces. No operational
difference exists between a file and a device; however, a file can be less efficient
because of the runtime overhead associated with the filesystem. Files are useful
when:

— Devices are not directly supported

— A device is not available

— Maximum performance is not required
— You do not want to set up devices.

e Some operating systems allow you to have physical devices greater than 2GB in
size. You should consider partitioning the physical device into multiple logical
devices so that no container is bigger than the size allowed by the operating
system.

Adding Containers to DMS Table Spaces
You can add a container to an existing table space to increase its storage capacity
with the ALTER TABLESPACE statement. The contents of the table space are then
re-balanced across all containers. Access to the table space is not restricted during the
re-balancing. If you need to add more than one container, you should add them at the
same time either in one ALTER TABLESPACE statement or within the same
transaction to prevent the database manager from having to re-balance the containers
more than once.

You should check how full the containers for a table space are by using the LIST
TABLESPACE CONTAINERS or the LIST TABLESPACES commands. Adding new
containers should be done before the existing containers are almost or completely full.
The new space across all the containers is not available until the re-balance is
complete.

Adding a container which is smaller than existing containers results in a uneven
distribution of data. This can cause parallel I/O operations, such as prefetching data, to
perform less efficiently than they otherwise could on containers of equal size.
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Table Space Design Considerations
Based on the logical design of your database, you should have a good idea of the size
of each table, and as a result, of your database. Based on your understanding of this
information, you should consider the following to complete your database design as it
relates to table space use:

e Considerations for Table Space Input and Output (I/O)

e Mapping Table Spaces to Buffer Pools

e Mapping Table Spaces to Nodegroups

e Mapping Tables to Table Spaces

e Choosing an Extent Size

¢ Recommendations for Catalog and Temporary Table Spaces
e Workload Considerations

e Choosing an SMS or DMS Table Space

Considerations for Table Space Input and Output (I/O)

The type and design of your table space determines the efficiency of the I/O performed
against that table space. Here are some concepts that you should understand before
considering further the issues surrounding table space design and use.

Big-block reads
A read where several pages (usually an extent) is retrieved in a
single request. Reading several pages at once is more efficient than
reading each page separately.

Prefetching
The reading of pages in advance of those pages being referenced by
a query. The overall objective is to reduce response time. This can
be achieved if the prefetching of pages can occur asynchronously to
the execution of the query. The best response time is achieved when
either the CPU(s) or the I/O subsystem are operating at maximum
capacity.

Page cleaning
As pages are read and modified, these pages accumulate in the
database buffer pool. Whenever a page is read in, there must be a
buffer pool page to read it into. If the buffer pool is full of modified
pages, one of these modified pages must be written out to the disk
before the new page can be read in. To prevent the buffer pool from
becoming full, page cleaner tasks write out modified pages in order
to guarantee the availability of buffer pool pages for use by read
requests.

Whenever it is advantageous, DB2 performs big-block reads. This typically occurs when
retrieving data that is sequential or partially sequential in nature. The amount of data
read in one read depends on the extent size -- the bigger the extent size, the more
pages that are read at one time.

How the extent is stored on disk affects the 1/O efficiency. When considering a DMS
table space using device containers, the data tends to be contiguous on disk and can
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be read with a minimum of seek time and disk latency. However, if files are being used,
the data may have been broken up by the file system and stored in more than one
location on disk. This occurs most often when using SMS table spaces where files are
extended one page at a time, making fragmentation more likely. Preallocation of a large
file for use by a DMS table space tends to be contiguous on disk, especially if the file
was allocated in a clean file space.

DB2 performing big-block reads is only one way in which query execution is assisted.
You can control how aggressive prefetching can be by tuning the PREFETCHSIZE
parameter on the CREATE TABLESPACE statement. (The default value for all table
spaces in the database is set by the dft_prefetch_sz configuration parameter.) The
PREFETCHSIZE parameter tells DB2 how many pages to read whenever a prefetch is
triggered. By setting PREFETCHSIZE to a multiple of the EXTENTSIZE parameter on
the CREATE TABLESPACE statement, you can cause multiple extents to be read in
parallel. (The default value for all table spaces in the database is set by the
dft_extent_sz configuration parameter. The EXTENTSIZE parameter specifies the
number of 4K pages that will be written to a container before skipping to the next
container.)

For example, suppose you had a table space that used three devices. If you set the
PREFETCHSIZE to be three times the EXTENTSIZE, then DB2 can do a big-block
read from each device in parallel, thereby significantly increasing the 1/0 throughput.
This assumes that each device is a separate physical device and that the controller has
sufficient bandwidth to handle the data stream from each device. Note that DB2 may
have to dynamically adjust the prefetch parameters at runtime based on query speed,
buffer pool utilization, and other factors.

You should know that some file systems use their own prefetching (such as the
Journaled File System on AIX). In some cases, the file system prefetching is set to be
more aggressive than the DB2 prefetching. This results in situations where you observe
that prefetching for SMS and DMS table spaces with file containers is outperforming
prefetching for DMS table spaces with devices. This is misleading since it is likely the
result of the additional level of prefetching that is occurring in the file system. DMS
table spaces should be able to outperform any equivalent configuration.

For prefetching or even reading to be efficient, a sufficient number of clean buffer pool
pages must exist into which to read the data. For example, there could be a parallel
prefetch request which reads three extents from a table space and where a modified
page must be written out from the buffer pool for each page being read. With the
potential for a buffer page to be written out for every page being read in, it is clear that
the prefetch request is slowed significantly perhaps to the point where it cannot keep up
with the query. Page cleaners should be configured in sufficient numbers to satisfy the
prefetch request. At least one page cleaner should be defined for each real disk used
by the database. For more information on these topics and performance, see the
Chapter 15, “Operational Performance” on page 527.

Mapping Table Spaces to Buffer Pools
Each table space is associated with a specific buffer pool. The default buffer pool is
IBMDEFAULTBP. If another buffer pool is to be associated with a table space, the
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buffer pool must exist (it is defined with the CREATE BUFFERPOOL statement), and
the association is defined when the table space is created (using the CREATE
TABLESPACE statement). The association between the table space and the buffer pool
can be changed using the ALTER TABLESPACE statement.

Having more than one buffer pool allows you to configure the memory used by the
database to improve overall performance and to help with setting performance goals for
specific applications. For example, for table spaces with one or more large tables which
are accessed randomly by users, the size of the buffer pool can be limited since
caching the data pages might not be beneficial. Another example would have the table
space for an important online transaction application associated with a buffer pool that
is larger than others. In this way, the data pages used by the application could be
cached longer in the buffer pool resulting in lower response times. Care must be taken
in configuring new buffer pools beyond the default. See “Managing the Database Buffer
Pool” on page 533 for more information on buffer pools.

Note: If you have determined that a page size of 8 KB is required within your
database, then each table space with this page size must be mapped to a
buffer pool with the same page size.

The storage required for all the buffer pools must be available to the database manager
when starting up the database. If DB2 is unable to obtain the storage required for all
defined buffer pools, the database manager will start up with default buffer pools (one
of 4 KB page size and one of 8 KB page size) of a minimal size, and issue a warning
message.

In a partitioned database environment, you can create a buffer pool of the same size
for all partitions in the database. You can also create buffer pools of particular sizes on
different partitions. For more information on the CREATE BUFFERPOOL statement,
see the SQL Reference manual.

Mapping Table Spaces to Nodegroups

In a partitioned database environment, each table space is associated with a specific
nodegroup. This allows for the characteristics of the table space to be applied to each
node in the nodegroup. The nodegroup must exist (it is defined with the CREATE
NODEGROUP statement), and the association between the table space and the
nodegroup is defined when the table space is created using the CREATE
TABLESPACE statement.

You cannot change the association between table space and nodegroup using the
ALTER TABLESPACE statement. You can only change the table space specification for
individual partitions within the nodegroup. If not in a partitioned database environment,
each table space is associated with a default nodegroup. The default nodegroup when
defining a table space is IBMDEFAULTGROUP unless a temporary table space is
being defined and then IBMTEMPGROUP is used. For more information on the
CREATE NODEGROUP statement, see the SQL Reference manual. For more
information on nodegroups and physical database design, see the “Designing
Nodegroups” on page 36.
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Mapping Tables to Table Spaces
When determining how to map tables to table spaces in your design, you should
consider:

The partitioning of your tables.

At a minimum, you should ensure that the table space you choose is in the
nodegroup with the partitioning you desire.

The amount of data in the table.

If you plan to store many small tables in a table space, consider using SMS for that
table space. The DMS advantages with 1/0 and space management efficiency are
not as important with small tables. The SMS advantages of allocating space one
page at a time, and only when needed, are more attractive with smaller tables. If
one of your tables is larger, or you need faster access to the data in the tables,
then a DMS table space with a small extent size should be considered.

You may wish to use a separate table space for each very large table and group
all small tables together in a single table space. This separation also allows you to
select an appropriate extent size based on the table space usage. (See “Choosing
an Extent Size” on page 56 for additional information.)

The type of data in the table.

You may, for example, have tables containing historical data that is used
infrequently and as a result the end-user may be willing to accept a longer
response time for queries executed against this data. In this situation, you could
use a different table space for the historical tables and assign this table space to
less expensive physical devices that have slower access rates.

Alternatively, you may be able to identify some essential tables which require high
availability and fast response time. You may want to put these tables into a table
space assigned to a fast physical device that can help support these important
data requirements.

Using DMS table spaces, you can also spread your table across three different
table spaces: one for index data; one for LOB and long field data; one for regular
table data. This allows you to choose the table space characteristics and the
physical devices supporting those table spaces to best suit the type of data. For
example, you could put your index data on the fastest devices you have available,
and as a result, obtain significant performance improvements. If you split a table
across DMS table spaces, you should consider backing up and restoring all parts
of the table together if ROLLFORWARD recovery is enabled. SMS table spaces do
not support the spreading of your table across table spaces in this fashion.

The administration requirements of your tables.

Some administration functions can be performed at the table space level instead
of the database or table level. For example, taking a back up of a table space
instead of a database can help you make better use of your time and resources. It
allows you to frequently back up table spaces with large volumes of changes, while
only occasionally backing up tables spaces with very low volumes of changes.
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You may restore a database or a table space. If unrelated tables do not share
table spaces, you have the ability to restore a smaller portion of your database,
and as a result, reduce the time and resource requirements for the restore utility.

A general rule-of-thumb could be to group related tables in a set of table spaces.
These tables could be related through referential constraints, or through other
business constraints defined on the tables using triggers.

Another aspect to consider for administration of your tables, is how often you might
want to drop and redefine a particular table. If the frequency is high, you may want
to define the table in its own table space, since it is more efficient to drop a DMS
table space than it is to drop a table.

Choosing an Extent Size

The extent size for a table space indicates the number of pages of table data that will
be written to a container before data will be written to the next container. When
selecting an extent size, you should consider:

¢ The size and type of tables in the table space.

Space in DMS table spaces is allocated to a table an extent at a time. As the table
is populated and an extent becomes full, a new extent is allocated.

A table is made up of the following separate table objects:
— A DATA object. This is where the regular column data is stored.
— An INDEX object. All indexes defined on the table are stored here.

— A LONG FIELD object. If your table has one or more LONG columns, they are
all stored here.

— Two LOB objects. If your table has one or more LOB columns, they are stored
in these two table objects:

- One table object for the LOB data
- A second table object for meta-data describing the LOB data

Each table object is stored separately, and therefore each allocates new extents as
needed. Each table object is also paired up with a meta-data object called an
extent map, which describes all the extents in the table space which belong to the
table object. Space for extent maps is also allocated an extent at a time.

The initial allocation of space for a table, therefore, is two extents for each table
object. If you have many small tables in a table space, you may have a relatively
large amount of space allocated to store a relatively small amount of data. In such
a case, you should specify a small extent size, or use an SMS table space which
allocates pages one at a time.

If, on the other hand, you have a very large table that has a high growth rate, and
you are using an DMS table space with a small extent size, you could have
unnecessary overhead related to the frequent allocation of additional extents.

e The type of access to the tables.
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If access to the tables includes many queries or transactions that process large
guantities of data, prefetching data from the tables may provide significant
performance benefits. (See “Prefetching Data into the Buffer Pool” on page 539 for
information about data prefetching and recommendations on its relationship to the
extent size.)

¢ The minimum number of extents required.

There must be enough space in the containers for five extents of the table space,
otherwise the table space will not be created.

Recommendations for Catalog and Temporary Table Spaces

For each database, one 4 KB SMS temporary table space and one 8 KB SMS
temporary table space is recommended. (Having temporary table spaces of both sizes
gives the query optimizer more flexibility in arriving at the optimal access plan.) The
containers for these table spaces should be defined using the same file system (or file
systems) to maximize disk sharing and minimize the total disk requirement.

SMS is recommended over DMS because:

¢ Although DB2 supports multiple temporary table spaces, at runtime DB2 uses each
temporary table space in turn and not at the same time. DB2 controls which
temporary table space is used and not the user. Therefore each temporary table
space must be large enough to accommodate the largest possible temporary table.
As a result, it makes more sense to pool all the temporary space into one
temporary table space. Allowing for multiple temporary table spaces is still useful
when you want to change the definition of your table space. Since you must always
have at least one table space, you must be able to have two table spaces to
change the definition -- one with the old definition and one with the new definition.

e DB2 attempts to keep temporary tables in memory as much as possible. Since a
DMS table space is comprised of pre-allocated storage space, and since you need
to pre-allocate sufficient space to handle peak temporary space use, and since the
pre-allocated space is not free for use for any other purpose, the choice of a DMS
table space is not the best choice. With a SMS table space, temporary space is not
pre-allocated but only consumed when needed. When not needed by the database
manager, this space is free for other use.

DMS should only be considered if you need better performance than is possible if you
use SMS.

For each database, a SMS table space for the catalogs is recommended. SMS and not
DMS, is recommended for the following reasons:

e The database catalog consists of many tables of varying sizes. When using a DMS
table space, a minimum of two extents are allocated for each table object.
Depending on the extent size chosen, a significant amount of allocated and unused
space may result. If using a DMS table space, then a small extent size (two to four
pages) should be chosen; otherwise, a SMS table space should be used.

¢ There are large object (LOB) columns in the catalog tables. LOB data is not kept in
the buffer pool with other data but is read from disk each time it is needed.
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Reading from disk slows down the performance of DB2 where the LOB columns of
the catalogs are involved. Since a file system usually has its own place for storing
(or caching) data, using a SMS table space, or a DMS table space built on file
containers, make avoidance of 1/0 possible when the LOB has previously been
referenced.

Given these considerations, a SMS table space is a slightly better choice for the
catalogs.

Another factor to consider is if you will need to enlarge the catalog table space in the
future. While some platforms have support for enlarging the underlying storage for SMS
containers, and while the use of redirected restore to enlarge a SMS table space is
available, the use of a DMS table space would allow for easier addition of new
containers than the two other choices.

Workload Considerations

The primary type of workload being managed by DB2 in your environment can have an
effect on your choice of the type of table space used, and the page size for the table
space. An online transaction process (OLTP) workload is characterized by transactions
that make random access to data and that usually return small sets of data. Given that
the access is random, and to one or a few pages, then prefetching is not possible. The
important fact when considering 1/0 becomes the retrieving of a page of data with the
minimum cost possible.

DMS table spaces using device containers perform best in this situation. DMS table
spaces with file containers or SMS table spaces are also reasonable choices for OLTP
workloads if maximum performance is not required. With little or no sequential 1/0
expected, the settings for the EXTENTSIZE and PREFETCHSIZE parameters on the
CREATE TABLESPACE statement are not important for 1/O efficiency.

A query workload is characterized by transactions that make sequential or partially
sequential access to data and that usually return large sets of data. Efficient parallel
prefetch should be possible in the type of table space chosen. A DMS table space
using multiple device containers and where each container is on a separate disk, offers
the greatest potential for efficient prefetching. The value of the PREFETCHSIZE
parameter on the CREATE TABLESPACE statement should be set to the value of the
EXTENTSIZE parameter multiplied by the number of device containers. This allows
DB2 to prefetch from all containers in parallel.

A reasonable alternative with a query workload is to use files if the file system has its
own prefetching. The files can be either of DMS type using file containers, or of SMS
type. Note that if you use SMS, you need to have the directory containers map to
separate physical disks in order to achieve I/O parallelism.

A mixed workload is characterized by transactions that are a mixture of the two types
mentioned above. Your choice of SMS or DMS table spaces result from combining the
considerations and advice from each of the two types of workload. Your goal will be to
make single 1/0O requests as efficient as possible for OLTP workloads, and to maximize
the efficiency of parallel 1/0 for the query workload.
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The considerations for determining the page size for a table space are as follows:

e For OLTP applications that perform random row reads and writes, a smaller page
size is usually preferable, because it wastes less buffer pool space with unwanted
rows.

¢ For DSS applications that access large numbers of consequtive rows at a time, a
larger page size is usually better because it reduces the number of /O requests
that are required to read a specific number of rows. There is, however, an
exception to this. If your row size is smaller than pagesize/256, there will be
wasted space on each page (there is a maximum of 256 rows per page). In this
situation, a smaller page size may be more appropriate.

e Larger page sizes may allow you to reduce the number of levels in the index.

e Larger pages support rows of greater length.

Choosing an SMS or DMS Table Space
There are a number of trade-offs to consider when determining which type of table
space you should use to store your data.

Advantages of a SMS Table Space:

e Space is not allocated by the system until it is required
¢ Creating a database requires less initial work since you do not have to predefine
the containers.

Advantages of a DMS Table Space:

¢ The size of a table space can be increased by adding containers, using the ALTER
TABLESPACE statement. Existing data is automatically rebalanced across the new
set of containers to retain optimal 1/0 efficiency.
¢ A table can be split across multiple table spaces based on the type of data being
stored:
— Long field and LOB data
— Indexes
— Regular table data

You might want to separate your table data for performance reasons, or to
increase the amount of data stored for a table. For example, you could have a
table with 64 GB of regular table data, 64 GB of index data and 2 TB of long data.

Note: If you are using 8 KB pages, the table data and index data can be as much
as 128 GB.

¢ The location of the data on the disk can be controlled, if the operating system
allows this.

o |If all table data is in a single table space, a table space can be dropped and
redefined with less overhead than dropping and redefining a table.

¢ In general, a well-tuned set of DMS table spaces will outperform SMS table
spaces.

In general, small personal databases are easiest to manage with SMS table spaces. On
the other hand, for large, growing databases you will probably only want to use SMS
table spaces for the temporary table spaces and separate DMS table spaces, with
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multiple containers, for each table. In addition, long fields and indexes would be stored
on their own table spaces.

If you choose to use DMS table spaces with device containers, you must be willing to

tune and administer your environment. For more information, see “Performance
Considerations for DMS Devices” on page 550.
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Chapter 3. Implementing Your Design

After determining the design of your database, you must create the database and the
objects within it. These objects include schemas, nodegroups, table spaces, tables,
views, aliases, user-defined types (UDTs), user-defined functions (UDFs), triggers,
constraints, indexes, and packages. You can create these objects using SQL
statements in the command line processor, from the Control Center (on the Windows
95, Windows NT, and OS/2 operating systems), or through APIs in applications.

For information on SQL statements, see the SQL Reference manual. For information on
command line processor commands and user APIs, see the Command Reference and
API Reference manuals respectively.

Note: Your platform may support a user interface where you can create database
objects. This interface can be used instead of the SQL statements, command
line processor commands, or user APIs. Check the Quick Beginnings manual
for your platform to determine if you have this capability.

The following topics are expanded and discussed in greater detail later in this chapter:

¢ Conceptual information you should know before you create a database
¢ How to Create Objects

¢ How to Alter Objects

¢ How to Delete Objects.

There may be operating system-specific differences with some of the topics discussed
below in those areas where DB2 Universal Database interacts with the operating
system. You may be able to take advantage of native operating system capabilities or
differences beyond those offered by DB2 UDB. You should refer to your appropriate
Quick Beginnings manuals and specific operating system documentation for precise
difference s.

As an example, Windows NT** supports an application type known as a “service.” DB2
for Windows NT can have a DB2 instance defined as a service. A service can be
started automatically at system boot, by a user through the Services control panel
applet, or by a Win32-based application that uses the service functions included in the
Microsoft** Win32** application programming interface (API). Services can execute
even when no user is logged on to the system.

Introductory Concepts for Database Implementation
Before you implement a database, you should understand the following concepts:

e “Starting and Stopping DB2” on page 62

e “Starting DB2 UDB on Windows NT” on page 62

e “Using Multiple Instances of the Database Manager” on page 62
¢ “Organizing and Grouping Objects by Schema” on page 63

¢ “Enabling Intra-Partition Parallelism” on page 64

¢ “Enabling Data Partitioning” on page 64
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Starting and Stopping DB2
You may need to start or stop DB2 during normal business operations; for example, to
do maintenance. To start DB2 on your system, enter the command:

db2start

This command can be run through the Control Center (on Windows 95, Windows NT,
or OS/2 operating systems), or at the server as an operating system command or as a
command line processor command. You must have SYSADM, SYSCTRL, or
SYSMAINT authority to run this command.

To stop DB2 on your system, you must do the following:

1. Attach to an instance of the database. You do not require any special authorization
for this.

2. Display all applications and users that are connected to the specific database that
you want to stop. To ensure that no vital or critical applications are running, list
applications. You need SYSADM, SYSCTRL or SYSMAINT authority for this.

3. Force all applications and users off the database. You require SYSADM or
SYSCTRL authority to force users.

4. Stop the DB2 instance by typing the command:

db2stop

The db2stop command can be run as an operating system command or as a Command
Line Processor command. This command can only be run at the server. No database
connections are allowed when running this command; however, if there are any
instance attachments, they are forced off before DB2 is stopped.

Starting DB2 UDB on Windows NT
The db2start command will launch DB2 as an NT Service. DB2 on Windows NT can
still be run as a process by specifying the "/D" switch when invoking DB2START. DB2
can also be started as a Service using the Control Panel or "NET START" command.

In order to successfully launch DB2 as a service from DB2START, the user account
must have the correct privilege as defined by the Windows NT operating system to start
an NT Service. The user account can be a member of the Administrators, Server
Operators, or Power Users group.

When running in a partitioned database environment, each database partition server is
started as an NT service.

Using Multiple Instances of the Database Manager
Multiple instances of the database manager may be created on a single server. This
means that you can create several instances of the same product on a physical
machine, and have them running concurrently. This provides flexibility in setting up
environments.

You may wish to have multiple instances to:
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e Separate your development environment from your production environment.

e Separately tune each for the specific applications it will service.

¢ Protect sensitive information from administrators. For example, you may wish to
have your payroll database protected on its own instance so that owners of other
instances will not be able to see payroll data.

DB2 program files are physically stored in one location on a particular machine. Each
instance that is created points back to this location so the program files are not
duplicated for each instance created. Several related databases can be located within a
single instance.

Instances are cataloged as either local or remote in the node directory. Your default
instance is defined by the DB2INSTANCE environment variable. You can attach to
other instances to perform maintenance and utility tasks that can only be done at an
instance level, such as creating a database, forcing off applications, monitoring a
database, or updating the database manager configuration. When you attempt to attach
to an instance that is not in your default instance, the node directory is used to
determine how to communicate with that instance.

To attach to another instance, which may be remote, use the ATTACH command as
described in the Command Reference manual. For example:

db2 attach to testdb2

will attach you to the instance called testdb2 that was previously cataloged in the node
directory.

After performing maintenance activities for the testdb2 instance, you can then detach
from that instance by executing the following command:

db2 detach

The Command Reference provides information about the type of connection that is
required to execute each command.

DB2 support for multiple instances varies by operating system. See the Quick
Beginnings guide appropriate to your platform for information on defining multiple DB2
instances on one machine.

Organizing and Grouping Objects by Schema

Database object names may be made up of a single identifier or they may be schema
qualified objects made up of two identifiers. The schema, or high-order part, of a
schema qualified object provides a means to classify or group objects in the database.
When an object such as a table, view, alias, distinct type, function, index, package or
trigger is created, it is assigned to a schema. This assignment is done either explicitly
or implicitly.

Explicit use of the schema occurs when you use the high-order part of a two-part

object name when referring to that object in a statement. For example, USER A issues
a CREATE TABLE statement in schema C as follows:
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CREATE TABLE C.X (COL1 INT)

Implicit use of the schema occurs when you do not use the high-order part of a two-part
object name. When this happens, the CURRENT SCHEMA special register is used to
identify the schema name used to complete the high-order part of the object name. The
initial value of CURRENT SCHEMA is the authorization ID of the current session user.
If you wish to change this during the current session, you can use the SET SCHEMA
statement to set the special register to another schema name. Refer to the SQL
Reference for more information.

As described in “Definition of System Catalog Tables” on page 84, some objects are
created within certain schemas when the database is created.

In dynamic SQL statements, a schema qualified object name implicitly uses the
CURRENT SCHEMA special register value as the qualifier for unqualified object name
references. In static SQL statements, the QUALIFIER precompile/bind option implicitly
specifies the qualifier for unqualified database object names.

Before creating your own objects, you need to consider whether you want to create
them in your own schema or by using a different schema that logically groups the
objects. If you are creating objects that will be shared, using a different schema name
can be very beneficial. For more information on how to explicitly create a schema, see
“Creating a Schema” on page 94.

Enabling Intra-Partition Parallelism

You must modify configuration parameters to take advantage of parallelism within a
database partition or within a non-partitioned database. For example, intra-partition
parallelism can be used to take advantage of the multiple processors on a symmetric
muti-processor (SMP) machine.

Use the GET DATABASE CONFIGURATION and the GET DATABASE MANAGER
CONFIGURATION commands to find out the values of individual entries in a specific
database, or in the database manager configuration file. To modify individual entries for
a specific database or in the database manager configuration file, use the UPDATE
DATABASE CONFIGURATION and the UPDATE DATABASE MANAGER
CONFIGURATION commands respectively.

Configuration parameters that affect intra-partition parallelism include the
max_querydegree and intra_parallel database manager parameters, and the dft_degree
database parameter. For more information on configuration parameters, see

Chapter 20, “Configuring DB2” on page 597.

Enabling Data Partitioning

When running in a multiple partition environment, you can create a database from any
node that exists in the db2nodes.cfg file using the CREATE DATABASE command or
the sqglecrea() application programming interface (API). For information, see the
Command Reference and API Reference manuals.
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Before creating a partitioned database, you must determine if you will be a local or
remote client to the instance where the database is to be created. Second, you must
attach to the instance. You must also select which database partition will be the catalog
node for the database. The database partition to which you attach and execute the
CREATE DATABASE command becomes the catalog node for that particular database.

The catalog node is the database partition on which all system catalog tables are
stored. All access to system tables must go through this database partition.

If possible, you should create each database in a separate instance. If this is not
possible (that is, you must create more than one database per instance), you should
spread the catalog nodes among the available database partitions. Doing this reduces
contention for catalog information at a single database partition.

Note: You should regularly do a backup of the catalog node and avoid putting data on
it (whenever possible), because other data increases the time required for the
backup.

When you create a database, it is automatically created across all the database
partitions defined in the db2nodes.cfq file.

When the first database in the system is created, a system database directory is
formed. It is appended with information about any other databases that you create. The
system database directory is sqldbdir and is located in the sq11ib directory under your
home directory. This directory must reside on a shared file system, (for example, NFS
on UNIX platforms) because there is only one system database directory for all the
database partitions that make up the parallel database.

Also resident in the sqldbdir directory is the system intention file. It is called sqldbins,
and ensures that the database partitions remain synchronized. The file must also reside
on a shared file system since there is only one directory across all database partitions.
The file is shared by all the partitions making up the database.

Configuration parameters have to be modified to take advantage of data partitioning.
Use the GET DATABASE CONFIGURATION and the GET DATABASE MANAGER
CONFIGURATION commands to find out the values of individual entries in a specific
database, or in the database manager configuration file. To modify individual entries in
a specific database, or in the database manager configuration file, use the UPDATE
DATABASE CONFIGURATION and the UPDATE DATABASE MANAGER
CONFIGURATION commands respectively.

The database manager configuration parameters affecting a partitioned database
include conn_elapse, fcm_num_anchors, fcm_num_buffers, fem_num_connect,
fem_num_rgb, max_connretries, max_coordagents, max_time_diff, num_poolagents,
and stop_start_time.

For more information on configuration parameters, see Chapter 20, “Configuring DB2”
on page 597.
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Before Creating a Database
Before creating a database, you should consider or carry out the following tasks:

¢ Design Logical and Physical Database Characteristics

e Create an Instance

e Establish Environment Variables and the Profile Registry
e DB2 Administration Server (DAS)

e Create a Node Configuration File

e Creation of the Database Configuration File

e Enable FCM Communications

Design Logical and Physical Database Characteristics
You must make logical and physical database design decisions before you create a
database. To find out more about logical database design, see Chapter 1, “Designing
Your Logical Database” on page 3. To find out more about physical database design,
see Chapter 2, “Designing Your Physical Database” on page 27.

Create an Instance
As part of your installation procedure, you create an instance of DB2. It is possible to
have more than one instance on a system. You may only work within one instance of
DB2 at a time.

Use the db2icrt command to create an instance of DB2. When using this command,
you should provide the login name of the instance owner and optionally specify the
authentication type of the instance. The authentication type applies to all databases
created under that instance. The authentication type is a statement of where the
authenticating of users will take place. For more information on authentication, see
Chapter 4, “Controlling Database Access” on page 141. For more information on the
db2icrt command, see the Command Reference manual.

Establish Environment Variables and the Profile Registry
Environment and registry variables control your database environment.

Prior to the introduction of the DB2 profile registry, changing your environment variables
on Windows or OS/2 workstations (for example) required you to change an environment
variable and reboot. Now, your environment is controlled with a few exceptions by
registry variables stored in the DB2 profile registries. Use the db2set command to
update registry variables without rebooting; this information is stored immediately in the
profile registries.

Note: The DB2 environment variables db2instance, db2node, db2path, and
db2instprof may not, depending on the operating system, be stored in the DB2
profile registries. In order to update these environment variables, the set
command must be used and the system rebooted.

Using the profile registry allows for centralized control of the environment variables.
Appendix F, “DB2 Registry and Environment Variables” on page 889 lists many of the
environment variables and registry variables. Different levels of support are now
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provided through the different environment profiles. Remote administration of the
environment variables is also available when using the DB2 Administration Server.

There are four (4) profile registries. They are:

e The DB2 Instance Level Profile Registry. The majority of the DB2 environment
variables are placed within this registry. The environment variable settings for a
particular instance are kept in this registry.

e The DB2 Global Level Profile Registry. If an environment variable is not set for a
particular instance, this registry is used. This registry has the machine-wide
environment variable settings.

¢ The DB2 Instance Node Level Profile Registry. In a system where the database is
divided across different database partitions, this registry resides on every node
(that is, machine), and contains environment variable settings for all instances
storing data on the node.

e The DB2 Instance Profile Registry. This registry contains a list of all instance
names recognized by this system.

Users can override DB2 Instance Profile Registry environment variable settings for their
session by changing session environment variable settings using the db2set command.

DB2 configures the operating environment by checking for registry values and
environment variables and resolving them in the following order:

1. Environment variables set with the set command.

2. Registry values set with the instance node level profile (using the db2set -I
command with a node number as shown below).

3. Registry values set with the db2set command.

4. Registry values set with the instance profile (using the db2set -I command as
shown below).

5. Registry values set with the global profile (using the db2set -G command as shown
below).

Using the db2set Command
The db2set command supports the local declaration of the registry variables (and
environment variables) to a particular setting.

To display help information for the command, use:
db2set ?

To list the complete set of all supported registry variables, use:
db2set -1r

To list all currently defined registry variables for this session, use:
db2set

To show the current session value of a registry variable, use:

db2set registry variable _name
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To delete the current session value of a registry variable, use:

db2set registry_variable_name=

To change a registry variable for this session only, use:

db2set registry_variable_name=new_value

To change a registry variable default for all databases in the instance, use:
db2set registry variable_name=new_value
-1 instance_name
To change a registry variable default for all instances in the system, use:
db2set registry_variable_name=new_value -G

Note: The two parameters "-I" and "-G" cannot be used at the same time in the same
command.

To change a registry variable default for a particular node in an instance, use:
db2set registry variable_name=new_value
-1 instance_name node_number

To reset all registry variables for an instance back to the defaults found in the Global
Profile Registry, use:

db2set -r registry _variable_name
To reset all registry variables for a node in an instance back to the defaults found in the
Global Profile Registry, use:

db2set -r registry_variable_name node_number

Setting Environment Variables on OS/2

On 0S/2, you should have no environment variables defined in config.sys apart from
DB2PATH and DB2INSTPROF. All variables should be defined in the profile registries
using the db2set command except for those that remain true environment variables.

DB2INSTANCE also remains a true environment variable, however, it is not required if
you make use of the DB2INSTDEF registry variable. This registry variable defines the
default instance name to use if DB2INSTANCE is not set.

To set system environment variables, do the following: Edit the config.sys file, and
reboot the system to have the change take effect.
The different profile registries are located according to the following:
¢ The DB2 Instance Level Profile Registry file is located under:
%DB2INSTPROF%\instance_name\PROFILE.ENV

Note: The instance_name is specific to the database partition you are working
with.

e The DB2 Global Level Profile Registry is located under:
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%DB2INSTPROF%\DEFAULT.ENV

¢ The DB2 Instance Node Level Profile Registry is located under:
%DB2INSTPROF%\instance_name\NODES\node_number .ENV

Note: The instance_name and the node_number are specific to the database
partition you are working with.

There is an additional registry file that keeps track of all defined nodes. The
information in this file is roughly equivalent to what is kept in the db2nodes.cfg file.

%DB2INSTPROF%\instance_name\NODES.CFG
¢ The DB2 Instance Profile Registry is located under:
%DB2INSTPROF%\PROFILES.REG

Setting Environment Variables on Windows NT and Windows 95

On the Windows NT and Windows 95 operating systems, all DB2 environment values
should be defined in the profile registries using the db2set command, except for those
that are true environment variables. For Windows NT, you should not have the DB2
environment variables defined in either your machine's user or system environment
variables sections. On Windows 95, you should not have DB2 environment variables
defined in your autoexec.bat file.

To determine the settings of an environment variable, use the echo command. For
example, to check the value of the db2path environment variable, enter:

echo %db2path%
To set system environment variables, do the following:

On Windows 95: Edit the autoexec.bat file, and reboot the system to have the change
take effect.

On Windows NT 4.x: You can set the DB2 environment variables db2instance,
db2path, and db2instprof as follows:

¢ Select Start, Settings , Control Panel .
¢ Double-click on the System icon.
¢ In the System Control Panel, in the System Environment Variables section, do the
following:
1. If the db2instance variable does not exist:
a. Select any system environment variable.
b. Change the name in the Variable field to db2instance.
c. Change the Value field to the instance name, for example db2inst.
2. If the db2instance variable already exists, append a new value:
a. Select the db2instance environment variable.
b. Change the Value field to the instance name, for example db2inst.
3. Select Set.
Select OK.
5. Reboot your system for these changes to take effect.

B
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The profile registries are located as follows:

e The DB2 Instance Level Profile Registry in the Windows NT operating system
registry, with the path:

\HKEY_LOCAL_MACHINE\SOFTWARE\IBM\DB2\PROFILES\instance_name

Note: The instance_name is specific to the database partition you are working
with.

¢ The DB2 Global Level Profile Registry in the Windows NT registry, with the path:
\HKEY_LOCAL_MACHINE\SOFTWARE\IBM\DB2\GLOBAL_PROFILE

e The DB2 Instance Node Level Profile Registry in the Windows NT registry, with the
path:

... \SOFTWARE\IBM\DB2\PROFILES\instance_name\NODES\node_number

Note: The instance_name and the node_number are specific to the database
partition you are working with.

DB2 UDB provides the capability of accessing DB2 UDB registry variables at the
instance level on a remote machine. Currently, DB2 UDB registry variables are stored
in three different levels: machine or global level, instance level, and node level. The
registry variables stored at the instance level (including the node level) can be
redirected to another machine by using DB2REMOTEPREG. When
DB2REMOTEPREG is set, DB2 UDB will access the DB2 UDB registry variables from
the machine pointed to by DB2ZREMOTEPREG. For example,

db2set DB2REMOTEPREG=rmtwkstn
where rmtwkstn is the remote workstation name.

Note: Care should be taken in setting this option since all DB2 instance profiles and
instance listings will be located on the specified remote machine name.

This feature may be used in combination with setting DBINSTPROF to point to a
remote LAN drive on the same machine that contains the registry.

Setting Environment Variables on UNIX Systems

The scripts db2profile (for Korn shell) and db2cshrc (for Bourne shell or C shell) are
provided as examples to help you set up the database environment. You can find these
files in insthome/sq11ib, where insthome is the home directory of the instance owner.

These scripts include statements to:

e Update a user's path with the following directories:
— insthome/sq11ib/bin
— insthome/sql1ib/adm
— insthome/sql1ib/misc
e Set db2instance to the default local instance_name for execution.

70  Administration Guide



An instance owner or SYSADM user may customize these scripts for all users of an
instance. Alternatively, users can copy and customize a script, then invoke a script

directly or add it to their .profile or .login files.

To change the environment variable for the current session, issue commands similar to
the following:

For Korn shell:

db2instance=instl
export db2instance

For Bourne shell or C shell:

set db2instance instl

In order for the DB2 profile registry to be administered properly, the following file
ownership rules must be followed on UNIX operating systems. (For information on DB2

Administration Server (DAS), see “DB2 Administration Server (DAS)” on page 72.)

The DB2 Instance Level Profile Registry file is located under:
$INSTHOME/sq11ib/profile.env

The access permissions and ownership of this file should be:
-rw-r--r-- Instance_Owner DAS Instance_Group profile.env

The $INSTHOME is the home path of the instance owner.
The DB2 Global Level Profile Registry is located under:

— Mvar/db2/v5/default.env for AlX, Solaris, SINIX, and SCO operating systems.

— /var/opt/db2/v5/default.env for the HP-UX operating system.
The access permissions and ownership of this file should be:
-rw-r--r-- DAS Instance_Owner DAS Instance Group default.env
The DB2 Instance Node Level Profile Registry is located under:
$INSTHOME/sq11ib/nodes/node_number.env

The access permissions and ownership of the directory and this file should be:

drwxrwxr-x Instance_Owner DAS_Instance_Group nodes

-rw-r--r-- Instance_Owner DAS_Instance_Group node_number.env

Note: The Instance_Owner and the DAS_Instance_Owner should both be
members of the DAS_Instance_Group.

The $INSTHOME is the home path of the instance owner.
The DB2 Instance Profile Registry is located under:
— /var/db2/v5/profiles.reg for AIX, Solaris, SINIX, and SCO operating
systems.
— /var/opt/db2/v5/profiles.reg for the HP-UX operating system.

The access permissions and ownership of this file should be:

-rw-r--r-- root system profiles.reg
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| DB2 Administration Server (DAS)

| DB2 Administration Server (DAS) is a special DB2 administration control point used

| only to assist with administration tasks on other DB2 servers. DAS assists the Control
| Center (CC) and Client Configuration Assistant (CCA) when working on the following
| administration tasks:

| * Enabling remote administration of DB2 Servers.

| e Providing the facility for job management, including the ability to schedule the

| execution of both DB2 and operating system command scripts. These command

| scripts are user-defined. The Control Center is used to define the schedule of jobs,
| view the results of completed jobs, and perform other administrative tasks against

| jobs located either remotely or locally to the DAS.

| ¢ Providing a means for discovering information about the configuration of DB2

| instances, databases, and other DB2 Administration Servers in conjunction with the
| DB2 Discovery utility. This information is used by the Client Configuration Assistant
| (CCA) and the Control Center (CC) to simplify and automate the configuration of

| client connections to DB2 databases.

| You can only have one DAS on a machine. DAS is configured during installation to
| start when the operating system is booted.

DAS is used to perform remote tasks on the host system on behalf of a client request
from the Control Center or the Client Configuration Assistant. Authorized access to
DAS requires clients with SYSADM authority. All of the clients can be part of the
SYSADM_GROUP configuration parameter.

Some of the requested tasks may require specific authority to run. The DAS runs under
the identifier of a specific user. The privileges granted to that user must be restricted to
only those tasks or operations desired by the administrator, but provide sufficient
authority to carry out all desired commands. Generally, the tasks or operations required
include:

e Query the operating system (OS) configuration information.

e Query the OS for user and group information.

Act against other DB2 instances to start or stop them.

e Execute scheduled jobs.

¢ Collect information for Connectivity and Protocol Configuration.

| For more information on setting up DAS communications, refer to the Quick Beginnings
| for your platform.

| Creating the DAS
| Typically, the DAS is created during DB2 installation. Refer to the Quick Beginnings for
| details.

| As an overview of what occurs during the installation process as it relates to DAS,
| consider the following:

| ¢ On the OS/2 or Windows NT platforms:
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Enter db2admin create. If a specific user account is desired, you must use
“/USER:" and “/PASSWORD:" when issuing db2admin create.)

When creating the DAS, you can optionally provide a user account name and a
user password. If valid, the user account name and password will identify the
owner of the DAS. After you create the DAS, you can establish or modify its
ownership by providing a user account name and user password with the
db2admin setid command. Refer to the Command Reference for more information
on this command.

¢ On UNIX platforms:

1. Ensure that you have root authority.

2. At a command prompt, issue the following command from the instance
subdirectory in the path of the DB2 Universal Database instance:

dasicrt ASName

where ASName is the instance name of the Administration Server.

Once you create an Administration Server, you should use it to establish directory
structures and access permissions.

Starting and Stopping the DAS
To start the DAS, enter db2admin start
To stop the DAS, enter db2admin stop

Note: For both cases under Windows NT, the person using these commands must
have SYSADM, SYSCTRL, or SYSMAINT authority.

Note: For both cases under UNIX, the person using these commands must have
logged on with the authorization ID of the DAS owner.

Configuring the DAS
To see the current values for those administration configuration parameters relevant to
the DAS, enter:

db2 get admin cfg

To update individual entries in the database manager configuration file relevant to the
DAS, enter:
db2 update admin cfg using ...

See the Command Reference for more information on which database manager
configuration parameters can be modified.

To reset the configuration parameters to the recommended database manager defaults,
enter:

db2 reset admin cfg
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Changes to the database manager configuration file become effective only after they
are loaded into memory (that is, when a db2admin stop is followed by a dbadmin start;
or, in the case of a Windows NT platform, stopping and starting the service.)

To set up the communications protocols for the DAS, see the Quick Beginnings for your
platform.

Security Considerations for the DAS
On OS/2 or Windows NT only, use the following command to associate a user ID with
the DAS:

db2admin setid userid password
Note: Do not use the Windows NT operating system to set the user ID for the DAS.
There is no guarantee that the user will receive all required privileges.

It is recommended that the user ID has SYSADM authority on each of the servers
within the environment so that it can start or stop other instances if required.

Removing the DAS
To remove the DAS:

e On the OS/2 or Windows NT operating systems:
1. Stop the DAS, using db2admin stop.
2. Drop the DAS, using db2admin drop.

e On UNIX platforms:
1. Ensure that you have root authority.

2. From the instance subdirectory in the path of the DB2 Universal Database
instance, issue:

dasidrop ASName

where the ASName is the instance name of the Administration Server.

Setting Up DAS with EEE Systems
The following information shows the steps necessary to configure DB2 EEE servers
(Sun, NT, and AlX) for remote administration using the Control Center (CC).

There are two (2) aspects to configuration: That which is required for the DB2
Administration Server (DAS), and that which is recommended for the target,
administered DB2 instance. In the three sections which follow, a section is devoted to
each of the two configuration topics. Each of the configuration topics is preceded by a
section describing the assumed environment.

Example Environment

Product/version: DB2 UDB EEE V5.2

Install path: install_path
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TCP services file:

DB2 Instance:
name:

owner ID:
instance path:

Nodes:

DB name:

DAS:

name:
owner/user ID:
instance path:

install/run host:

internode communications port:

tcp_services_file

db2inst

db2inst

instance_path

3 nodes, db2nodes.cfg:

¢ 0 hostA 0 hostAOswitch
¢ 1 hostA 1 hostAlswitch
e 2 hostB 0 hostBswitch

db2instDB

db2as
db2as
das_path
hostA

16000 (unused port for hostA and hostB)

Note: Please substitute site-specific values for the above fields. For example, the
following table contains example pathnames for each supported EEE platform:

Table 20. Example Pathnames for Each Supported EEE Platform

Paths DB2 UDB EEE V5.2 for DB2 UDB EEE V5.2 for DB2 UDB EEE V5.2 for
AIX Solaris Windows NT
install_path lusr/lpp/db2_05_00 /opt/IBMdb2/V5.0 C:\sqllib

instance_path

/home/db2inst/sgllib

/home/db2inst/sgllib

C:\profiles\db2inst

das_path

/home/db2as/sqllib

/home/db2as/sqllib

C:\profiles\db2as

tcp_services _file

/etc/services

letc/services

C:\winnt\system32\drivers\
etc\services

DAS Configuration:

The DAS is an administrative control point which performs

certain tasks on behalf of the Command Center (CC). There can be at most one (1)
DAS per physical machine. In the case of an EEE instance which consists of several
machines, at least one of the machines must be running a DAS so that the CC can
administer the EEE instance. This DAS (db2as) “represents” the system that is present
in the CC navigator tree as the parent of the target DB2 instance (db2inst).

For example, db2inst consists of three nodes distributed across two physical machines
or hosts. The minimum requirement can be fulfilled by running db2das on either hostA

or hostB.
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Notes:

1. The number of partitions present on hostA does note have any bearing on the
number of DASes that can be run on that host. You can run only one copy of
db2as on hostA regardless of the multiple logical nodes (MLN) configuration for
that host.

2. Itis not necessary to create the DAS ID, db2as, on all hosts. Rather, it is
necessary for it to exist only on the host upon which it is running. As well, it is not
necessary for the home directory of the DAS ID to be mounted on all hosts. In
particular with this example, the ID db2as must exist on hostA, is not required on
hostB, and db2as's home directory does not need to be mounted on hostB.

Control Center Communications with DAS: Service Ports: The Control Center (CC)
communicates with the DAS using a TCP service port, 523. Since this port is reserved
for exclusive use by DB2 UDB, it is not necessary to insert new entries into the
tcp_services _file.

Internode Administrative Communications: Service Ports: For some administrative
tasks, the DAS must establish communications with all nodes. In order to do so, a
named TCP port must be defined in the tcp_services_file for each host which
participates in the instance.

Note: Windows NT EEE will attempt to add the TCP port entry into the
tcp_services_file for you.

For example, db2inst is defined across two hosts, hostA and hostB. As specified in
“Example Environment” on page 74, port 16000 is unused on both hosts. Therefore,
the following line must be inserted into the tcp_services_file for both hostA and hostB.

db2ccmsrv  16000/tcp

The db2ccmsrv port name must be present, spelled exactly as shown above, and the
same port number selected must be used on all hosts.

Internode Administrative Communications: UNIX DB2 EEE Servers: Once the TCP
port line is inserted into the tcp_services_file on hostA and hostB, it is necessary to
start an administrative listener process or daemon, db2cclist, on all hosts that
participate in the instance. You can do so manually from the command line, or
configure the system to automatically invoke db2cclst every time the system boots:

Manual: From the ID of the instance you wish to administer, db2inst, invoke
the following command from either hostA or hostB:

rah 'install_path/bin/db2cclst’
For example, on AIX this command invocation would appear as:
rah '/usr/Tpp/db2_05_00/bin/db2cclst"

Automatic: From an ID with Superuser privileges (like root) execute the following
command on hostA and hostB:

mkitab "db2cclst::once:su - db2inst -c install_path /bin/db2cclst"
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For example, on AIX this command invocation would appear as:

mkitab "db2cclst::once:su - db2inst -c install_path
/usr/1pp/db2_05_00/bin/db2cclst"

Every time either machine boots, db2cclist is invoked without user
intervention.

To verify that the listener daemon is active on each host, the following command can
be invoked from the instance ID, db2inst:

rah 'ps -ef ' grep db2cclst'

If you do not find the db2cclst process running on each host, additional diagnostic
information can be obtained by adding the following line to /etc/syslog.conf on each
host:

*.info /tmp/db2/user.info
where the file /tmp/db2/user.info can be replaced with a more appropriate file.

Note: The file must exist and the SYSLOG daemon must be asked to re-read its
configuration file after the changes are made:

ki1l -1 <syslogd PID>
where syslogd PID can be obtained by executing
ps -ef ' grep syslogd

Then, after manually invoking the listener as described above, you can view the
syslog file /tmp/db2/user.infoon the failing host for error messages generated
by db2cclst.

Internode Administrative Communications: Windows NT DB2 EEE Servers: The DB2
Remote Command Service (db2rcmd.exe) automatically handles internode
administrative communications. In the event that a failure does occur, the Windows NT
registry will contain diagnostic information.

Security: In order for the DAS to perform some administrative tasks against an
instance, it must possess sufficient authority. In particular, the DAS must be a System
Administrator (SYSADM) for the target, administered instance.

It is necessary to grant the DAS such authority for all DB2 instances that it will
administer. Candidate instances are those which are installed on the same machine as
the DAS. For a DB2 EEE instance, at least one database partition server must be
present on the same machine as the DAS for it to be eligible as described above.

For example on UNIX, one way in which db2as can be granted the required authority to
administer db2inst is to ensure that the primary groups of db2inst and db2as are
identical. Alternatively, it is sufficient to make the primary group of db2inst a secondary
group of db2as, and the primary group of db2as a secondary group of db2inst. Finally,
another option would be to set the SYSADM_GROUP database administration
configuration parameter for db2inst to the primary group of db2as.
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On Windows NT, db2as must be a member of the Local Administrators group on hostA
and hostB. In addition to the option of creating the db2as ID and adding it to the Local
Administrators group on both hosts, one could create a domain ID for db2as and add
this domain ID to the Local Administrators group on each host.

Environment: Installation for the DAS should configure certain registry variables that
are necessary for proper operation. To verify the current values for these variables,
execute the following command from either the DB2 instance ID, db2inst, or the DAS
ID, db2das:

db2set -g

At least the following parameters must be defined with the following values:

DB2SYSTEM=hostA
DB2ADMINSERVER=db2as

As well, in order to communicate with the DAS from the Control Center (CC), ensure
that the DB2COMM variable is set to TCPIP. To verify this setting, execute the
following command from the DAS ID, db2as, and check at the global (-g) and instance
(-1) levels (only one need be set):

db2set -all

Along the same lines, verify that the DB2COMM parameter is set to TCPIP for the DB2
instance to enable communications between the CC and db2inst by issuing the
following command from the db2inst ID:

db2set -all

If you modify this parameter for the DAS, then you must restart the DAS for the change
to take effect. Restart of the DB2 instance is also required if this parameter is modified
for the DB2 instance. For db2inst, you would issue a db2stop followed by a dbZstart,
whereas db2admin stop and db2admin start would be issued for the DAS.

Discovery of Administration Servers, Instances, and Databases: To enable discovery
of other Administration Servers from the Control Center (CC), ensure that the following
parameters are set by issuing the db2 get admin cfg command from the db2as ID:

DISCOVER=SEARCH
DISCOVER_COMM=TCPIP

To ensure that db2inst can be discovered, ensure that the following parameters are set
by issuing the db2 get dbm cfg command from the db2inst ID:

DISCOVER_INST=ENABLE
Note: This is the default value for the DISCOVER_INST parameter.
Similarly, to ensure that the database db2instDB can be discovered, ensure that the

following parameter is set by issuing the db2 get db cfg for db2instDB command from
the db2inst ID:

DISCOVER_DB=ENABLE
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Note: This is the default value for the DISCOVER_DB parameter.

Create a Node Configuration File

If your database is to operate in a partitioned database environment, you must create a
node configuration file called db2nodes.cfg. This file must be located in the sq11ib
subdirectory of the home directory for the instance before you can start the database
manager with parallel capabilities across multiple partitions. The file contains
configuration information for all database partitions in an instance, and is shared by all
database partitions for that instance.

Windows NT Considerations: If you are using DB2 Extended Enterprise Edition on
Windows NT, the node configuration file is created for you when you create the
instance. Refer to the DB2 Extended Enterprise Edition for Windows NT Quick
Beginnings for complete instructions on how to set up a partitioned database
system.

Note: You should not create files or directories under the sq11ib subdirectory other
than those created by DB2 to prevent the loss of data if an instance is deleted.
There are two exceptions. If your system supports stored procedures, put the
stored procedure applications in the function subdirectory under the sq11ib
subdirectory. (For information on stored procedures, see “Stored Procedures” on
page 420.) The other exception is when user-defined distinct functions (UDFs)
have been created. UDF executables are allowed in the same directory.

The file contains one line for each database partition that belongs to an instance. Each
line has the following format:

nodenum hostname [logical-port [netname]]

Tokens are delimited by blanks. The variables are:

nodenum The node number, which can be from 0 to 999, uniquely defines a node.
Node numbers must be in ascending sequence. You can have gaps in
the sequence.

Once a node number is assigned, it cannot be changed. (Otherwise the
information in the partitioning map, which specifies how data is
partitioned, would be compromised.)

If you drop a node, its node number can be used again for any new
node that you add.

The node number is used to generate a node name in the database
directory. It has the format:

NODEnnnn

The nnnn is the node number, which is left-padded with zeros. This
node number is also used by the CREATE DATABASE and DROP
DATABASE commands.
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hostname

logical-port

netname

The hostname of the IP address for inter-partition communications.
(There is an exception when netname is specified. In this situation,
netname is used for most communications, with hostname only being used
for DB2START, DB2STOP, and db2_al1.)

This parameter is optional, and specifies the logical port number for the
node. This number is used with the database manager instance name to
identify a TCP/IP service name entry in the etc/services file.

The combination of the IP address and the logical port is used as a
well-known address, and must be unique among all applications to
support communications connections between nodes.

For each hostname, one logical-port must be either 0 (zero) or blank
(which defaults to 0). The node associated with this logical-port is the
default node on the host to which clients connect. You can override this
with the DB2NODE environment variable in db2profile script, or with
the sqlesetc() API.

If you have multiple nodes on the same host (that is, more than one
nodenum for a host), you should assign the logical-port numbers to the
logical nodes in ascending order, from 0, with no gaps.

This parameter is optional, and is used to support a host that has more
than one active TCP/IP interface, each with its own hostname.

The following example shows a possible node configuration file for an RS/6000 SP
system on which SP2EN1 has multiple TCP/IP interfaces, two logical nodes, and uses
SP2SW1 as the DB2 Universal Database interface. It also shows the node numbers
starting at 1 (rather than at 0), and a gap in the nodenum sequence:

nodenum  hostname  logical-port  netname
1 SP2EN1 0 SP2SW1
2 SP2EN1 1 SP2SW1
4 SP2EN2 0

5 SP2EN3

You can update the db2nodes.cfg file using an editor of your choice. You must be
careful, however, to protect the integrity of the information in the file, as data
partitioning requires that the node number not be changed. The node configuration file
is locked when you issue DB2START and unlocked after DB2STOP ends the database
manager. The DB2START command can update the file, if necessary, when the file is
locked. For example, you can issue DB2START with the RESTART option or the

ADDNODE option.

Note:

Creation of the Database Configuration File

If the DB2STOP command is not successful and does not unlock the node
configuration file, issue DB2STOP FORCE to unlock it.

A database configuration file is also created for each database. The creation of this
file is done for you. This file contains values for various configuration parameters that
affect the use of the database, such as:
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e Parameters specified and/or used when creating the database (for example,
database code page, collating sequence, DB2 release level)

e Parameters indicating the current state of the database (for example, backup
pending flag, database consistency flag, roll-forward pending flag)

e Parameters defining the amount of system resources that the operation of the
database may use (for example, buffer pool size, database logging, sort memory
size).

These parameters are described in detail in Chapter 20, “Configuring DB2” on
page 597, and throughout this book.

Performance Tip: Many of the configuration parameters come with default values, but
may need to be updated to achieve optimal performance for your database.

For multiple partitions:  When you have a database that is partitioned across more
than one partition, the configuration file should be the same on all database partitions.
Consistency is required since the SQL compiler compiles distributed SQL statements
based on information in the local node configuration file and creates an access plan to
satisfy the needs of the SQL statement. Maintaining different configuration files on
database partitions could lead to different access plans, depending on which database
partition the statement is prepared. Use db2_all to create the same configuration file on
all database partitions.

Enable FCM Communications

In a partitioned database environment, most communication between database
partitions is handled by the Fast Communications Manager (FCM). To enable the FCM
at a database partition and allow communication with other database partitions, you
must create a service directory in the partition's /etc/services file as shown below.
The FCM uses the specified port to communicate. If you have defined multiple
partitions on the same host, you must define a range of ports as shown below.

Windows NT Considerations: If you are using DB2 Extended Enterprise Edition in
the Windows NT environment, the TCP/IP port range is automatically added to
the services file by:

e The install program when it creates the instance or addes a new node
e The DB2ICRT utility when it creates a new instance
e The DB2NCRT utility when it adds the first node on the machine.

For additional information, refer to the DB2 Extended Enterprise Edition for
Windows NT Quick Beginnings.
The syntax of a service entry is as follows:
DB2_instance port/tcp #comment

DB2_instance
The value for instance is the name of the database manager instance.
All characters in the name must be lowercase. Assuming an instance
name of db2puser, you would specify DB2_db2puser
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portAcp The TCP/IP port that you want to reserve for the database partition.

#comment Any comment that you want to associate with the entry. The comment
must be preceded by a pound sign (#).

If the /etc/services file is shared, you must ensure that the number of ports allocated
in the file is either greater than or equal to the largest number of multiple database
partitions in the instance. When allocating ports, also ensure that you account for any
processor that can be used as a backup.

If the /etc/services file is not shared, the same considerations apply, with one
additional consideration: you must ensure that the entries defined for the DB2 instance
are the same in all /etc/services files (though other entries that do not apply to your
partitioned database do not have to be the same).

If you have multiple database partitions on the same host in an instance, you must
define more than one port for the FCM to use. To do this, include two lines in the
etc/services file to indicate the range of ports you are allocating. The first line
specifies the first port, while the second line indicates the end of the block of ports. In
the following example, five ports are allocated for the instance sales. This means no
processor in the instance has more than five database partitions.

DB2_sales 9000/tcp
DB2_sales_END 9004/tcp

Note: You must specify END in uppercase only. Also you must ensure that you include
both underscore (_) characters.

Creating a Database

Creating a database sets up all the system catalog tables that are needed by the
database and allocates the database recovery log. The database configuration file is
created, and the default values are set. The database manager will also bind the
database utilities to the database.

The following database privileges are automatically granted to PUBLIC: CREATETAB,
BINDADD, CONNECT, and IMPLICIT_SCHEMA. SELECT privilege on the system
catalog views is also granted to PUBLIC.

The following command line processor command creates a database called personl, in
the default location, with the associated comment "Personnel DB for BSchiefer Co".

create database personl
with "Personnel DB for BSchiefer Co"

The tasks carried out by the database manager when you create a database are
discussed in the following sections:

e “Definition of Initial Nodegroups” on page 83

e “Definition of Initial Table Spaces” on page 83

e “Definition of System Catalog Tables” on page 84
e “Local Database Directory” on page 85
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e “System Database Directory” on page 85

¢ “Definition of Database Recovery Log” on page 86
¢ “Binding Utilities to the Database” on page 86

e “Creating Nodegroups” on page 88

e “Creating a Table Space” on page 89

e “Creating a Schema” on page 94

e “Creating a Table” on page 95

e “Creating a Trigger” on page 109

e “Creating a User-Defined Function (UDF)” on page 110
e “Creating a User-Defined Type (UDT)” on page 112
e “Creating a View” on page 114

e “Creating an Alias” on page 119

e “Creating an Index” on page 120

e “Creating a Summary Table” on page 118.

For additional information related to the physical implementation of your database, see
Chapter 2, “Designing Your Physical Database” on page 27.

If you wish to create a database in a different, possibly remote, database manager
instance, see “Using Multiple Instances of the Database Manager” on page 62. This
topic also provides an introduction to the command you need to use if you want to
perform any instance-level administration against an instance other than your default
instance, including remote instances.

Note: See the Command Reference for information about the default database
location and about specifying a different location with the CREATE DATABASE
command.

Definition of Initial Nodegroups
When a database is initially created, database partitions are created for all partitions
specified in the db2nodes.cfg file. Other partitions can be added or removed with the
ADD NODE and DROP NODE commands.

Three nodegroups are defined:

¢ IBMCATGROUP for the SYSCATSPACE table space, holding system catalog
tables

¢ IBMTEMPGROUP for the TEMPSPACEL1 table space, holding temporary tables
created during database processing

e |IBMDEFAULTGROUP for the USERSPACEL table space, by default holding user
tables and indexes.

Definition of Initial Table Spaces
When a database is initially created, three table spaces are defined:

e SYSCATSPACE for the system catalog tables (see “Definition of System Catalog
Tables” on page 84)

¢ TEMPSPACEL for temporary tables created during database processing.

e USERSPACEL! for user-defined tables and indexes
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If you do not specify any table space parameters with the CREATE DATABASE
command, the database manager will create these table spaces using system managed
storage (SMS) directory containers. These directory containers will be created in the
subdirectory created for the database (see “Database Physical Directories” on

page 27). The extent size for these table spaces will be set to the default.

If you do not want to use the default definition for these table spaces, you may specify
their characteristics on the CREATE DATABASE command. For example, the following
command could be used to create your database on OS/2:

CREATE DATABASE PERSONL
CATALOG TABLESPACE
MANAGED BY SYSTEM USING ('d:\pcatalog','e:\pcatalog')
EXTENTSIZE 16 PREFETCHSIZE 32
USER TABLESPACE
MANAGED BY DATABASE USING (FILE'd:\db2data\personl' 5000,
FILE'd:\db2data\personl' 5000)
EXTENTSIZE 32 PREFETCHSIZE 64
TEMPORARY TABLESPACE
MANAGED BY SYSTEM USING ('f:\db2temp\personl')
WITH "Personnel DB for BSchiefer Co"

In this example, the definition for each of the initial table spaces is explicitly provided.
You only need to specify the table space definitions for those table spaces for which
you do not want to use the default definition.

The coding of the MANAGED BY phrase on the CREATE DATABASE command
follows the same format as the MANAGED BY phrase on the CREATE TABLESPACE
command. For additional examples, see “Creating a Table Space” on page 89.

Before creating your database, see “Designing and Choosing Table Spaces” on
page 43.

Definition of System Catalog Tables
A set of system catalog tables is created and maintained for each database. These
tables contain information about the definitions of the database objects (for example,
tables, views, indexes, and packages), and security information about the type of
access users have to these objects. These tables are stored in the SYSCATSPACE
table space.

These tables are updated during the operation of a database; for example, when a
table is created. You cannot explicitly create or drop these tables, but you can query
and view their content. When the database is created, in addition to the system catalog
table objects, the following database objects are defined in the system catalog:

e A set of user-defined functions (UDFs) is created in the SYSFUN schema. For
more information about these system-created functions, see the SQL Reference
manual.
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¢ A set of read-only views for the system catalog tables is created in the SYSCAT
schema. See Appendix J, “Catalog Views” on page 965 for information about
these views.

e A set of updatable catalog views is created in the SYSSTAT schema. These
updatable views allow you to update certain statistical information to investigate the
performance of a hypothetical database, or to update statistics without using the
RUNSTATS utility. See “Updatable Catalog Views” on page 966.

After your database has been created, you may wish to limit the access to the system
catalog views, as described in “Securing the System Catalog Views” on page 172.

Definition of Database Directories
Three directories are used when establishing or setting up a new database.

¢ Local Database Directory
¢ System Database Directory
¢ Node Directory

Local Database Directory

A local database directory file exists in each path (or drive on other platforms) in which
a database has been defined. This directory contains one entry for each database
accessible from that location. Each entry contains:

e The database name provided with the CREATE DATABASE command

¢ The database alias name (which is the same as the database name, if an alias
name is not specified)

¢ A comment describing the database, as provided with the CREATE DATABASE
command

¢ The name of the root directory for the database

e Other system information.

To see the contents of this file for a particular database, issue the following command,
where location specifies the location of the database:

LIST DATABASE DIRECTORY ON location

System Database Directory

A system database directory file exists for each instance of the database manager,
and contains one entry for each database that has been cataloged for this instance.
Databases are implicitly cataloged when the CREATE DATABASE command is issued
and can also be explicitly cataloged with the CATALOG DATABASE command. For
information about cataloging databases, see “Cataloging a Database” on page 87.

For each database created, an entry is added to the directory containing the following
information:

¢ The database name provided with the CREATE DATABASE command

¢ The database alias name (which is the same as the database name)

¢ The database comment provided with the CREATE DATABASE command
¢ The location of the local database directory
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¢ An indicator that the database is indirect, which means that it resides on the same
machine as the system database directory file
¢ Other system information.

To see the contents of this file, issue the LIST DATABASE DIRECTORY command
without specifying the location of the database directory file.

In a partitioned database environment, you must ensure that all database partitions
always access the same system database directory file, sqldbdir, in the sqldbdir
subdirectory of the home directory for the instance. Unpredictable errors can occur if
either the system database directory or the system intention file sqldbins in the same
sqldbdir subdirectory are symbolic links to another file that is on a shared file system.
These files are described in “Enabling Data Partitioning” on page 64.

Node Directory

The database manager creates the node directory when the first database partition is
cataloged. To catalog a database partition, use the CATALOG NODE command. To list
the contents of the local node directory, use the LIST NODE DIRECTORY command.
The node directory is created and maintained on each database client. The directory
contains an entry for each remote workstation having one or more databases that the
client can access. The DB2 client uses the communication end point information in the
node directory whenever a database connection or instance attachment is requested.

The entries in the directory also contain information on the type of communication
protocol to be used to communicate from the client to the remote database partition.
Cataloging a local database partition creates an alias for an instance that resides on
the same machine. A local node should be cataloged when there is more than one
instance on the same workstation to be accessed from the user's client.

Definition of Database Recovery Log
A database recovery log keeps a record of all changes made to a database, including
the addition of new tables or updates to existing ones. This log is made up of a
number of log extents, each contained in a separate file called a log file.

The database recovery log can be used to ensure that a failure (for example, a system
power outage or application error) does not leave the database in an inconsistent state.
In case of a failure, the changes already made but not committed are rolled back, and
all committed transactions, which may not have been physically written to disk, are
redone. These actions ensure the integrity of the database.

For more information, see Chapter 7, “ Recovering a Database” on page 269.

Binding Utilities to the Database

When a database is created, the database manager attempts to bind the utilities in
db2ubind. st to the database. This file is stored in the bnd subdirectory of your sq11ib
directory.
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Binding a utility creates a package, which is an object that includes all the information
needed to process specific SQL statements from a single source file.

Note: If you wish to use these utilities from a client, you must bind them explicitly. See
the Quick Beginnings manual appropriate to your platform for information.

If for some reason you need to bind or rebind the utilities to a database, issue the
following commands using the command line processor:

connect to sample
bind @db2ubind.lst

Note: You must be in the directory where these files reside to create the packages in
the sample database. The bind files are found in the BND subdirectory of the
SQLLIB directory. In this example, sample is the name of the database.

Cataloging a Database
When you create a new database, it is automatically cataloged in the system database
directory file. You may also use the CATALOG DATABASE command to explicitly
catalog a database in the system database directory file. The CATALOG DATABASE
command allows you to catalog a database with a different alias name, or to catalog a
database entry that was previously deleted using the UNCATALOG DATABASE
command.

The following command line processor command catalogs the personl database as
humanres:

catalog database personl as humanres
with "Human Resources Database"

Here, the system database directory entry will have humanres as the database alias,
which is different from the database name (personl).

You can also catalog a database on an instance other than the default. In the following
example, connections to database B are to INSTANCE_C.

catalog database b as b at node instance_c

Note: The CATALOG DATABASE command is also used on client nodes to catalog
databases that reside on database server machines. For more information, see
the Quick Beginnings manual appropriate to your platform.

For information on the Distributed Computing Environment (DCE) cell directory, see
“DCE Directory Services” on page 88 and Appendix G, “Using Distributed Computing
Environment (DCE) Directory Services” on page 917.

Note: To improve performance, you may cache directory files, including the database
directory, in memory. (See “Directory Cache Support (dir_cache)” on page 636
for information about enabling directory caching.) When directory caching is
enabled, a change made to a directory (for example, using a CATALOG
DATABASE or UNCATALOG DATABASE command) by another application
may not become effective until your application is restarted. To refresh the
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directory cache used by a command line processor session, issue a db2
terminate command.

In addition to the application level cache, a database manager level cache is also used
for internal, database manager look-up. To refresh this “shared” cache, issue the
db2stop and db2start commands.

For more information about directory caching, see “Directory Cache Support
(dir_cache)” on page 636.

DCE Directory Services

DCE is an Open Systems Foundation** (OSF**) architecture that provides tools and
services to support the creation, use, and maintenance of applications in a distributed
heterogeneous computing environment. It is a layer between the operating system, the
network, and a distributed application that allows client applications to access remote
servers.

With local directories, the physical location of the target database is individually stored
on each client workstation in the database directory and node directory. The database
administrator can therefore spend a large amount of time updating and changing these
directories. The DCE directory services provide a central directory alternative to the
local directories. It allows information about a database or a database manager
instance to be recorded once in a central location, and any changes or updates to be
made at that one location.

DCE is not a prerequisite for running DB2, but if you are operating in a DCE
environment, see Appendix G, “Using Distributed Computing Environment (DCE)
Directory Services” on page 917 for more information.

Creating Nodegroups

88

You create a nodegroup with the CREATE NODEGROUP statement. This statement
specifies the set of nodes on which the table space containers and table data are to
reside. This statement also:

e Creates a partitioning map for the nodegroup. For details about the partitioning
map, see “Partitioning Maps” on page 38.
e Generates a partitioning map ID.
¢ Inserts records into the following catalog tables:
— SYSCAT.NODEGROUPS
— SYSCAT.PARTITIONMAPS
— SYSCAT.NODEGROUPDEF

Assume that you want to load some tables on a subset of the database partitions in

your database. You would use the following command to create a nodegroup of two
nodes (1 and 2) in a database consisting of at least 3 (0 to 2) nodes:

CREATE NODEGROUP mixngl2 ON NODES (1,2)

For more information about creating nodegroups, see the SQL Reference manual.
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The CREATE DATABASE command or sqlecrea() API also create the default system
nodegroups, IBMDEFAULTGROUP, IBMCATGROUP, and IBMTEMPGROUP. (See
“Designing and Choosing Table Spaces” on page 43 for information.)

Creating a Table Space
Creating a table space within a database assigns containers to the table space and
records its definitions and attributes in the database system catalog. You can then
create tables within this table space.

The syntax of the CREATE TABLESPACE statement is discussed in detail in the SQL
Reference manual. For information on SMS and DMS table spaces, see “Designing and
Choosing Table Spaces” on page 43.

The following SQL statement creates an SMS table space on OS/2 or Windows NT
using three directories on three separate drives:

CREATE TABLESPACE RESOURCE
MANAGED BY SYSTEM
USING ('d:\acc_tbsp', 'e:\acc_tbsp', 'f:\acc_tbsp')

The following SQL statement creates a DMS table space on OS/2 using two file
containers each with 5,000 pages:

CREATE TABLESPACE RESOURCE
MANAGED BY DATABASE
USING (FILE'd:\db2datalacc_tbsp' 5000,
FILE'e:\db2data\acc_tbsp' 5000)

In the above two examples, explicit names have been provided for the containers. You
may also specify relative container names, in which case, the container will be created
in the subdirectory created for the database (see “Database Physical Directories” on
page 27).

In addition, if part of the path name specified does not exist, the database manager will
create it. If a subdirectory is created by the database manager, it may also be deleted
by the database manager when the table space is dropped.

The assumption in the above examples is that the table spaces are not associated with
a specific nodegroup. The default nodegroup IBMDEFAULTGROUP is used when the
following parameter is not specified in the statement:

IN nodegroup

The following SQL statement creates a DMS table space on a UNIX-based system
using three logical volumes of 10000 pages each, and specifies their /O
characteristics:
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CREATE TABLESPACE RESOURCE
MANAGED BY DATABASE
USING (DEVICE '/dev/rdblvée' 10000,
DEVICE '/dev/rdblv7' 10000,
DEVICE '/dev/rdb1v8' 10000)
OVERHEAD 24.1
TRANSFERRATE 0.9

The UNIX devices mentioned in this SQL statement must already exist and be able to
be written to by the instance owner and the SYSADM group.

The following example creates a DMS table space on a nodegroup called
ODDNODEGROUP in a UNIX partitioned database. ODDNODEGROUP must be
previously created with a CREATE NODEGROUP statement. In this case, the
ODDNODEGROUP nodegroup is assumed to be made up of database partitions
numbered 1, 3, and 5. On all database partitions, use the device /dev/hdisk0 for
10000 4K pages. In addition, declare a device for each database partition of 40000 4K
pages.
CREATE TABLESPACE PLANS
MANAGED BY DATABASE
USING (DEVICE '/dev/HDISK®' 10000, DEVICE '/dev/nlhd0l' 40000) ON NODE 1
(DEVICE '/dev/HDISKO' 10000, DEVICE '/dev/n3hd03' 40000) ON NODE 3
(DEVICE '/dev/HDISKO' 10000, DEVICE '/dev/n5hd05' 40000) ON NODE 5

UNIX devices are classified into two categories: character serial devices and
block-structured devices. For all file-system devices, it is normal to have a
corresponding character serial device (or raw device) for each block device (or cooked
device). The block-structured devices are typically designated by names similar to “hd0”
or “fd0.” The character serial devices are typically designated by names similar to
“rhd0,” “rfd0,” or “rmt0.” These character serial devices have faster access than block
devices. The character serial device names should be used on the CREATE
TABLESPACE command and not block device names.

The overhead and transfer rate help to determine the best access path to use when the
SQL statement is compiled. For information on the OVERHEAD and TRANSFERRATE
parameters, see Part 3, “Tuning Application Performance” on page 385.

DB2 can greatly improve the performance of sequential /O using the sequential
prefetch facility, which uses parallel 1/0. See “Understanding Sequential Prefetching” on
page 539 for details on this facility.

You also have the ability to create a table space that uses a page size larger than the
default 4 KB size. The following SQL statement creates an SMS table space on a
UNIX-based system with an 8 KB page size.

CREATE TABLESPACE SMS8K
PAGESIZE 8192
MANAGED BY SYSTEM
USING ('FSMS 8K 1')
BUFFERPOOL BUFFPOOL8K
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Notice that the associated buffer pool must also have the same 8 KB page size.
The created table space cannot be used until the buffer pool it references is activated.

The ALTER TABLESPACE SQL statement can be used to add a container to a DMS
table space and modify the PREFETCHSIZE, OVERHEAD, and TRANSFERRATE
settings for a table space. The transaction issuing the table space statement should be
committed as soon as possible, to prevent system catalog contention.

Note: The PREFETCHSIZE should be a multiple of the EXTENTSIZE. For example if
the EXTENTSIZE is 10, the PREFETCHSIZE should be 20 or 30. For more
information, see “Understanding Sequential Prefetching” on page 539.

Creating Table Spaces in Nodegroups

By placing a table space in a multiple database partition nodegroup, all of the tables
within the table space are divided or partitioned across each database partition in the
nodegroup. The table space is created into a nodegroup. Once in a nodegroup, the
table space must remain there; It cannot be changed to another nodegroup. The
CREATE TABLESPACE statement is used to associate a table space with a
nodegroup.

RAW 1/0

DB2 for Windows NT supports direct disk access (raw 1/O). This allows you to attach a
direct disk access (raw) device to a Windows NT system. The following list
demonstrates the physical and logical methods for identifying this type of device:

e To open a physical hard drive for direct disk access, use the following naming
convention:

\\.\PhysicalDriveN

where N represents one of the physical drives in the system. For example, N could
be replaced by 0, 1, 2, or any other positive integer.

e To open a logical raw partition (that is, an unformatted partition) use the following
naming convention:

\WAN:
where N: represents a logical drive letter in the system. For example, N: could be
replaced by E: or any other drive letter on the system.
For example:
e On Windows NT, \\d: or \\.\PhysicalDisk5

Note: You must have Windows NT Version 4.0 with Service Pack 3 installed to be
able to write logs to a device.

¢ On UNIX-based platforms, /dev/rdblog8

Note: You can only specify a device on AIX, Windows NT, and Solaris platforms.

There are advantages and disadvantages when you use raw devices to decide /O
configuration:
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¢ The advantages are:

— You can attach more than 26 physical drives to a system.

— The file /O path length is shorter. This may improve performance on your
system. You should conduct benchmarks to evaluate if there are measurable
benefits for your work load.

e The disadvantages are:

— The device cannot be shared by other applications; the entire device must be
assigned to DB2.

— The device cannot be operated upon by any operating system utility or
third-party tool which would backup or copy from the device.

— You can easily wipe out the file system on an existing drive if you specify the
wrong physical drive number.

DB2 for Windows NT uses raw devices to manage database storage. The following
commands or SQL statements can be used to specify a raw device for the type of
container being created:

* CREATE DATABASE
* CREATE TABLESPACE
* ALTER TABLESPACE

The following is an example of the CREATE TABLESPACE statement:

db2 create tablespace PAYROLL managed by database using
(device "\\.\PhysicalDrivel' 100000 )
overhead 24.1 transferrate 0.9

This creates a table space with one container on the second physical device, and
consumes the first 409600000 bytes of the device. Note that in a Windows 95
environment, table spaces cannot be composed of containers that are defined as raw
devices.

You can also use this method in conjunction with “Change the Database Log Path
(newlogpath)” on page 663 to use raw devices to store log files. There are
considerations when doing this, however:

e Only one device is allowed. You can define the device over multiple disks at the
operating system level. DB2 will make an operating system call to determine the
size of the device in 4 KB pages.

If you use multiple disks, this will provide a larger device, and the striping that
results can improve performance by faster I/O throughput.

e DB2 will attempt to write to the last 4 KB page of the device. If the device size is
greater than 2 GB, the attempt to write to the last page will fail on operating
systems that do not provide support for devices larger than 2 GB. In this situation,
DB2 will attempt to use all pages, up to the supported limit.

Information about the size of the device is used to indicate the size of the device
(in 4 KB pages) available to DB2 under the support of the operating system. The
amount of disk space that DB2 can write to is referred to as the
device-size-available.
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The first 4 KB page of the device is not used by DB2 (this space is generally used
by operating system for other purposes.) This means that the total space available
to DB2 is device-size = device-size-available - 1.

The logsecond parameter is not used. DB2 will not allocate secondary logs. The
size of active log space is the number of 4 KB pages that result from logprimary x
lodfilsiz.

Log records are still grouped into log extents, each with a log file size (logfilsiz) of
4 KB pages. Log extents are placed in the raw device, one after another. Each
extent also consists of an extra two pages for the extent header. This means that
the number of available log extents the device can support is device-size |
(logfilsiz+ 2)

The device must be large enough to support the active log space. That is, the
number of available log extents must be greater than (or equal to) the value
specified for the logprimary configuration parameter.

If you are using circular logging, the logprimary configuration parameter will
determine the number of log extents that are written to the device. This may result
in unused space on the device.

If you are using log retention (logretain) without a user exit, after the number of
available log extents are all used up, all operations that result in an update will
receive a log full error. At this time, you must shut down the database and take an
offline backup of it to ensure recoverability. After the database backup, the log
records written to the device are lost. This means that you cannot use an earlier
database backup to restore the database, then roll it forward. If you take a
database backup before the number of available log extents are all used up, you
can restore and roll forward the database.

If you are using log retention (logretain) with a user exit, the user exit program is
called for each log extent as it is filled with log records. The user exit program must
be able to read the device, and to store the archived log as a file. DB2 will not call
a user exit to retrieve log files to a raw device. Instead, during roll forward
recovery, DB2 will read the extent headers to determine if the raw device contains
the log file to be used. If the required log file is not found in the raw device, DB2
will search the overflow log path. If the log file is still not found, DB2 will call the
user exit to retrieve the log file into the overflow log path. If you do not specify an
overflow log path for the rollforward command, DB2 will not call the user exit to
retrieve the log during the roll-forward operations. For additional information about
the calling the user exit program, see “Calling Format for UNIX-Based or Windows
NT Operating Systems” on page 1059.

If you are using DPropR and writing logs to a raw device, the read log API will not
call the user exit to retrieve log files. Requested log records, however, will be still
be returned if they are available on the device. If you request logs that pre-date the
oldest ones on the device, they will not be returned (the behavior is similar to DB2
not being able to find the log file that contains the requested log records).

Chapter 3. Implementing Your Design 93



Notes:

1. It is recommended that you do not use DPropR when you use a raw device for
logging.
2. If you use the sqglurlog API, you should not use a raw device for logging.

Creating a Schema

While organizing your data into tables, it may also be beneficial to group tables (and
other related objects) together. This is done by defining a schema through the use of
the CREATE SCHEMA statement. Information about the schema is kept in the system
catalog tables of the database to which you are connected. As other objects are
created, they can be placed within this schema.

The syntax of the CREATE SCHEMA statement is described in detail in the SQL
Reference manual. The new schema name cannot already exist in the system catalogs
and it cannot begin with "SYS".

If a user has SYSADM or DBADM authority, then the user can create a schema with
any valid name. When a database is created, IMPLICIT_SCHEMA authority is granted
to PUBLIC (that is, to all users).

The definer of any objects created as part of the CREATE SCHEMA statement is the
schema owner. This owner can GRANT and REVOKE schema privileges to other
users.

The following is an example of a CREATE SCHEMA statement that creates a schema
for an individual user with the authorization ID "joe":

CREATE SCHEMA joeschma AUTHORIZATION joe

This statement must be issued by a user with DBADM authority.

Schemas may also be implicitly created when a user has IMPLICIT_SCHEMA
authority. With this authority, users implicitly create a schema whenever they create an
object with a schema name that does not already exist.

If users do not have IMPLICIT_SCHEMA authority, the only schema they can create is
one that has the same name as their own authorization ID.

Setting a Schema

You may wish to establish a default schema for use by unqualified object references in
dynamic SQL statements issued from within a specific DB2 connection. This is done by
setting the special register CURRENT SCHEMA to the schema you wish to use as the
default. Any user can set this special register: No authorization is required.

The syntax of the SET SCHEMA statement is described in detail in the SQL Reference
manual.

The following is an example of how to set the CURRENT SCHEMA special register:
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SET CURRENT SCHEMA = 'SCHEMAO1'

This statement can be used from within an application program or issued interactively.
Once set, the value of the CURRENT SCHEMA special register is used as the qualifier
(schema) for unqualified object references in dynamic SQL statements, with the
exception of the CREATE SCHEMA statement where an unqualified reference to a
database object exists.

The initial value of the CURRENT SCHEMA special register is equal to the
authorization ID of the current session user.

Creating a Table

After you determine how to organize your data into tables, the next step is to create
those tables, by using the CREATE TABLE statement. The table descriptions are
stored in the system catalog of the database to which you are connected.

The syntax of the CREATE TABLE statement is described in detail in the SQL
Reference. For information about naming tables, columns, and other database objects,
see Appendix E, “Naming Rules” on page 885.

The CREATE TABLE statement gives the table a name, which is a qualified or
unqualified identifier, and a definition for each of its columns. You can store each table
in a separate table space, so that a table space will contain only one table. If a table
will be dropped and created often, it is more efficient to store it in a separate table
space and then drop the table space instead of the table. You can also store many
tables within a single table space. In a partitioned database environment, the table
space chosen also defines the nodegroup and the database partitions on which table
data is stored.

The table does not contain any data at first. To add rows of data to it, use one of the
following:

¢ The INSERT statement, described in the SQL Reference
e The LOAD or IMPORT commands, described in the Command Reference

It is possible to add data into the table without logging the change. This is done using
the NOT LOGGED INITIALLY parameter on the CREATE TABLE statement. Any
changes made to the table by an INSERT, DELETE, UPDATE, CREATE INDEX,
DROP INDEX, or ALTER TABLE operation in the same unit of work in which the table
is created are not logged. Logging begins in subsequent units of work.

A table consists of one or more column definitions. A maximum of 500 columns can be
defined for a table. Columns represent the attributes of an entity. The values in any
column are all the same type of information. See the SQL Reference for more
information.

Note: The maximum of 500 columns is true when using a 4K page size. The
maximum is 1012 columns when using an 8K page size.
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A column definition includes a column name, data type, and any necessary null
attribute, or default value (optionally chosen by the user).

The column name describes the information contained in the column and should be
something that will be easily recognizable. It must be unique within the table; however,
the same name can be used in other tables. See “Object Names” on page 887 for
information about naming rules.

The data type of a column indicates the length of the values in it and the kind of data
that is valid for it. The database manager uses character string, numeric, date, time and
large object data types. Graphic string data types are only available for database
environments using multi-byte character sets. In addition, columns can be defined with
user-defined distinct types, which are discussed in “Creating a User-Defined Type
(UDT)” on page 112.

The default attribute specification indicates what value is to be used if no value is
provided. The default value can be specified, or a system-defined default value used.
Default values may be specified for columns with, and without, the null attribute
specification.

The null attribute specification indicates whether or not a column can contain null
values.

The following is an example of a CREATE TABLE statement that creates the
EMPLOYEE table in the RESOURCE table space. This table is defined in the sample
database:

CREATE TABLE EMPLOYEE
(EMPNO CHAR(6) NOT NULL PRIMARY KEY,
FIRSTNME VARCHAR(12) NOT NULL,
MIDINIT  CHAR(1) NOT NULL WITH DEFAULT,
LASTNAME ~ VARCHAR(15) NOT NULL,
WORKDEPT CHAR(3),
PHONENO  CHAR(4),
PHOTO BLOB(106M)  NOT NULL)
IN RESOURCE

When creating a table, you can choose to have the columns of the table based on the
attributes of a structured type.

One of the options you may consider when creating a table concerns the creation of a
subtable. A subtable is a typed table based on a structured type where attributes are
inherited from other tables. The other tables can be either root tables or supertables. (A
root table is a supertable.) This is discussed further in subsequent sections.

The following sections build on the previous example to cover other options you should
consider:

e “Large Object (LOB) Column Considerations” on page 97
e “Defining a Unique Constraint” on page 98
e “Defining Referential Constraints” on page 99
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¢ “Defining a Table Check Constraint” on page 102

e “Creating a User-Defined Structured Type” on page 113

e “Creating a Typed Table” on page 103

e “Populating a Typed Table” on page 104

e “Creating a Table in Multiple Table Spaces” on page 107
e “Creating a Table in a Partitioned Database” on page 108

You can also create a table that is defined based on the result of a query. This type of
table is called a summary table. For more information, see “Creating a Summary Table”
on page 118.

Large Object (LOB) Column Considerations
Before creating a table that contains large object columns, you need to make the
following decisions:

1. Do you want to log changes to LOB columns?

If you do not want to log these changes, you must turn logging off by specifying the
NOT LOGGED clause when you create the table. For example:

CREATE TABLE EMPLOYEE
(EMPNO CHAR(6) NOT NULL PRIMARY KEY,
FIRSTNME VARCHAR(12) NOT NULL,
MIDINIT  CHAR(1) NOT NULL WITH DEFAULT,
LASTNAME  VARCHAR(15) NOT NULL,
WORKDEPT CHAR(3),
PHONENO  CHAR(4),
PHOTO BLOB(10M)  NOT NULL NOT LOGGED)
IN RESOURCE

If the LOB column is larger than 1 GB, logging must be turned off. (As a rule of
thumb, you may not want to log LOB columns larger than 10 MB.) As with other
options specified on a column definition, the only way to change the logging option
is to re-create the table.

Even if you choose not to log changes, LOB columns are shadowed to allow
changes to be rolled back, whether the roll back is the result of a system
generated error, or an application request. Shadowing is a recovery technique
where current storage page contents are never overwritten. That is, old, unmodified
pages are kept as “shadow” copies. These copies are discarded when they are no
longer needed to support a transaction rollback.

Note: When recovering a database using the RESTORE and ROLLFORWARD
commands, LOB data that was “NOT LOGGED"and was written since the last
backup will be replaced by binary zeros

2. Do you want to minimize the space required for the LOB column?

You can make the LOB column as small as possible using the COMPACT clause
on the CREATE TABLE statement. For example:
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CREATE TABLE EMPLOYEE

(EMPNO CHAR(6) NOT NULL PRIMARY KEY,

FIRSTNME VARCHAR(12) NOT NULL,

MIDINIT  CHAR(1) NOT NULL WITH DEFAULT,

LASTNAME  VARCHAR(15) NOT NULL,

WORKDEPT CHAR(3),

PHONENO  CHAR(4),

PHOTO BLOB(16M)  NOT NULL NOT LOGGED COMPACT)
IN RESOURCE

There is a performance cost when appending to a table with a compact LOB
column, particularly if the size of LOB values are increased (because of storage
adjustments that must be made).

On platforms such as OS/2 where sparse file allocation is not supported and where
LOBs are placed in SMS table spaces, consider using the COMPACT clause.
Sparse file allocation has to do with how physical disk space is used by an
operating system. An operating system that supports sparse file allocation does not
use as much physical disk space to store LOBs as compared to an operating
system not supporting sparse file allocation. The COMPACT option allows for even
greater physical disk space “savings” regardless of the support of sparse file
allocation. Because you can get some physical disk space savings when using
COMPACT, you should consider using COMPACT if your operating system does
not support sparse file allocation.

Note: DB2 system catalogs use LOB columns and may take up more space than
in previous versions.

3. Do you want better performance for LOB columns, including those LOB columns in
the DB2 system catalogs?

There are large object (LOB) columns in the catalog tables. LOB data is not kept in
the buffer pool with other data but is read from disk each time it is needed.
Reading from disk slows down the performance of DB2 where the LOB columns of
the catalogs are involved. Since a file system usually has its own place for storing
(or caching) data, using a SMS table space, or a DMS table space built on file
containers, make avoidance of I/O possible when the LOB has previously been
referenced.

Defining Constraints
This section discusses how to define constraints:

¢ “Defining a Unique Constraint”
¢ “Defining Referential Constraints” on page 99
e “Defining a Table Check Constraint” on page 102

For more information on constraints, see “Planning for Constraint Enforcement” on
page 17 and the SQL Reference.

Defining a Unique Constraint: Unique constraints ensure that every value in the
specified key is unique. A table can have any number of unique constraints, with at
most one unique constraint defined as a primary key.
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You define a unique constraint with the UNIQUE clause in the CREATE TABLE or
ALTER TABLE statements. The unique key can consist of more than one column.
More than one unique constraint is allowed on a table.

Once established, the unique constraint is enforced automatically by the database
manager when an INSERT or UPDATE statement modifies the data in the table. The
unique constraint is enforced through a unique index.

When a unique constraint is defined in an ALTER TABLE statement and an index
exists on the same set of columns of that unique key, that index becomes the unique
index and is used by the constraint.

You can take any one unique constraint and use it as the primary key. The primary key
can be used as the parent key in a referential constraint (along with other unique
constraints). There can be only one primary key per table. You define a primary key
with the PRIMARY KEY clause in the CREATE TABLE or ALTER TABLE statement.
The primary key can consist of more than one column.

A primary index forces the value of the primary key to be unique. When a table is
created with a primary key, the database manager creates a primary index on that key.

Some performance tips for indexes used as unique constraints include:

¢ The IMPORT utility aways extends indexes incrementally, as opposed to LOAD,
which always completely rebuilds them.

¢ As a result, when preforming an initial load of an empty table with indexes, LOAD
gives better performance than IMPORT. This is true no matter whether you are
using the INSERT or REPLACE modes of LOAD.

¢ When appending a substantial amount of data to an existing table with indexes
(using IMPORT INSERT, or LOAD INSERT), LOAD gives slightly better
performance than IMPORT.

¢ When appending a small amount of data to an existing large table with indexes
(using IMPORT INSERT, or LOAD INSERT), IMPORT may perform better than
LOAD since IMPORT will not incur the cost of rebuilding the entire index.

¢ If you are using the IMPORT command for an initial large load of data, create the
unique key after the data has been imported or loaded. This avoids the overhead
of maintaining the index while the table is being loaded. It also results in the index
using the least amount of storage.

¢ If you are using the LOAD utility in REPLACE mode, create the unique key before
loading the data. In this case, creation of the index during the load is more efficient
than using the CREATE INDEX statement after the load.

Defining Referential Constraints: Referential integrity is imposed by adding
referential constraints to table and column definitions. Referential constraints are
established with the the FOREIGN KEY Clause, and the REFERENCES Clause in the
CREATE TABLE or ALTER TABLE statements.

The identification of foreign keys enforces constraints on the values within the rows of a
table or between the rows of two tables. The database manager checks the constraints
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specified in a table definition and maintains the relationships accordingly. The goal is to
maintain integrity whenever one database object references another.

For example, primary and foreign keys each have a department number column. For
the EMPLOYEE table, the column name is WORKDEPT, and for the DEPARTMENT
table, the name is DEPTNO. The relationship between these two tables is defined by
the following constraints:

e There is only one department number for each employee in the EMPLOYEE table,
and that number exists in the DEPARTMENT table.

e Each row in the EMPLOYEE table is related to no more than one row in the
DEPARTMENT table. There is a unique relationship between the tables.

e Each row in the EMPLOYEE table that has a non-null value for WORKDEPT is
related to a row in the DEPTNO column of the DEPARTMENT table.

e The DEPARTMENT table is the parent table, and the EMPLOYEE table is the
dependent table.

The SQL statement defining the parent table, DEPARTMENT, is:

CREATE TABLE DEPARTMENT
(DEPTNO  CHAR(3) NOT NULL,
DEPTNAME VARCHAR(29) NOT NULL,
MGRNO CHAR(6) ,
ADMRDEPT  CHAR(3) NOT NULL,
LOCATION CHAR(16),

PRIMARY KEY (DEPTNO))
IN RESOURCE

The SQL statement defining the dependent table, EMPLOYEE, is:

CREATE TABLE EMPLOYEE
(EMPNO CHAR(6) NOT NULL PRIMARY KEY,
FIRSTNME VARCHAR(12) NOT NULL,
LASTNAME ~ VARCHAR(15) NOT NULL,
WORKDEPT CHAR(3),
PHONENO  CHAR(4),
PHOTO BLOB(16m)  NOT NULL,
FOREIGN KEY DEPT (WORKDEPT)
REFERENCES DEPARTMENT ON DELETE NO ACTION)
IN RESOURCE

By specifying the DEPTNO column as the primary key of the DEPARTMENT table and
WORKDEPT as the foreign key of the EMPLOYEE table, you are defining a referential
constraint on the WORKDEPT values. This constraint enforces referential integrity
between the values of the two tables. In this case, any employees that are added to the
EMPLOYEE table must have a department number that can be found in the
DEPARTMENT table.

The delete rule for the referential constraint in the employee table is NO ACTION,

which means that a department cannot be deleted from the DEPARTMENT table if
there are any employees in that department.
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Although the previous examples use the CREATE TABLE statement to add a referential
constraint, the ALTER TABLE statement can also be used. See “Altering a Table” on
page 128.

Another example: The same table definitions are used as those in the previous
example. Also, the DEPARTMENT table is created before the EMPLOYEE table. Each
department has a manager, and that manager is listed in the EMPLOYEE table.
MGRNO of the DEPARTMENT table is actually a foreign key of the EMPLOYEE table.
Because of this referential cycle, this constraint poses a slight problem. You could add
a foreign key later (see “Adding Primary and Foreign Keys” on page 130). You could
also use the CREATE SCHEMA statement to create both the EMPLOYEE and
DEPARTMENT tables at the same time (see the example in the SQL Reference).

FOREIGN KEY Clause: A foreign key references a primary key or a unique key in the
same or another table. A foreign key assignment indicates that referential integrity is to
be maintained according to the specified referential constraints. You define a foreign
key with the FOREIGN KEY clause in the CREATE TABLE or ALTER TABLE
statement.

The number of columns in the foreign key must be equal to the number of columns in
the corresponding primary or unique constraint (called a parent key) of the parent table.
In addition, corresponding parts of the key column definitions must have the same data
types and lengths. The foreign key can be assigned a constraint name. If you do not
assign a name, one is automatically assigned. For ease of use, it is recommended that
you assign a constraint name and do not use the system-generated name.

The value of a composite foreign key matches the value of a parent key if the value of
each column of the foreign key is equal to the value of the corresponding column of the
parent key. A foreign key containing null values cannot match the values of a parent
key, since a parent key by definition can have no null values. However, a null foreign
key value is always valid, regardless of the value of any of its non-null parts.

The following rules apply to foreign key definitions:

¢ A table can have many foreign keys
¢ A foreign key is nullable if any part is nullable
¢ A foreign key value is null if any part is null.

REFERENCES Clause: The REFERENCES clause identifies the parent table in a
relationship, and defines the necessary constraints. You can include it in a column
definition or as a separate clause accompanying the FOREIGN KEY clause, in either
the CREATE TABLE or ALTER TABLE statements.

If you specify the REFERENCES clause as a column constraint, an implicit column list
is composed of the column name or names that are listed. Remember that multiple
columns can have separate REFERENCES clauses, and that a single column can have
more than one.

Included in the REFERENCES clause is the delete rule. In our example, the ON
DELETE NO ACTION rule is used, which states that no department can be deleted if
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there are employees assigned to it. Other delete rules include ON DELETE CASCADE,
ON DELETE SET NULL, and ON DELETE RESTRICT. See “DELETE Rules” on
page 21.

Implications for Utility Operations: The LOAD utility will turn off constraint checking for
self-referencing and dependent tables, placing these tables into check pending state.
After the LOAD utility has completed, you will need to turn on the constraint checking
for all tables for which it was turned off. For example, if the DEPARTMENT and
EMPLOYEE tables are the only tables that have been placed in check pending state,
you can execute the following command:

SET CONSTRAINTS FOR DEPARTMENT, EMPLOYEE IMMEDIATE CHECKED

The IMPORT uitility is affected by referential constraints in the following ways:

e The REPLACE and REPLACE CREATE functions are not allowed if the object
table has any dependents other than itself.

To use these functions, first drop all foreign keys in which the table is a parent.
When the import is complete, re-create the foreign keys with the ALTER TABLE
statement.

e The success of importing into a table with self-referencing constraints depends on
the order in which the rows are imported.

Defining a Table Check Constraint: A table check constraint specifies a search
condition that is enforced for each row of the table on which the table check constraint
is defined. You create a table check constraint on a table by associating a
check-constraint definition with the table when the table is created or altered. This
constraint is automatically activated when an INSERT or UPDATE statement modifies
the data in the table. A table check constraint has no effect on a DELETE or SELECT
statement.

A constraint name cannot be the same as any other constraint specified within the
same CREATE TABLE statement. If you do not specify a constraint name, the system
generates an 18-character unique identifier for the constraint.

A table check constraint is used to enforce data integrity rules not covered by key
uniqueness or a referential integrity constraint. In some cases, a table check constraint
can be used to implement domain checking. The following constraint issued on the
CREATE TABLE statement ensures that the start date for every activity is not after the
end date for the same activity:

CREATE TABLE EMP_ACT

(EMPNO CHAR(6) NOT NULL,
PROJNO CHAR(6) NOT NULL,
ACTNO SMALLINT NOT NULL,

EMPTIME DECIMAL(5,2),

EMSTDATE  DATE,

EMENDATE  DATE,

CONSTRAINT ACTDATES CHECK(EMSTDATE <= EMENDATE) )
IN RESOURCE
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Although the previous example uses the CREATE TABLE statement to add a table
check constraint, the ALTER TABLE statement can also be used. See “Altering a
Table” on page 128.

Creating a Typed Table

You can create a typed table using a variant of the CREATE TABLE statement. After
defining hierarchies of user-defined structured types as described in “Creating a
User-Defined Structured Type” on page 113, you should consider the creation of typed
tables. For example:

CREATE TABLE Department OF Department_t
(REF IS Oid USER GENERATED);

CREATE TABLE Person OF Person_t
(REF IS 0id USER GENERATED);

CREATE TABLE Employee OF Employee_t UNDER Person
INHERIT SELECT PRIVILEGES
(Dept WITH OPTIONS SCOPE Department);

CREATE TABLE Student OF Student_t UNDER Person
INHERIT SELECT PRIVILEGES;

CREATE TABLE Manager OF Manager_t UNDER Employee
INHERIT SELECT PRIVILEGES;

CREATE TABLE Architect OF Architect_t UNDER Employee
INHERIT SELECT PRIVILEGES;

The first typed table created above is Department. This table is defined to be OF type
Department_t, so it will hold instances of that type. This means that it will have a
column corresponding to each attribute of the structured type Department_t. Because
typed tables contain objects that can be referenced by other objects, every typed table
must have an “object identifier” (OID) column as its first column. In this example, the
type of the OID column will be REF(Department_t), and its column name (0id) is given
in the REF IS...USER GENERATED clause. The USER GENERATED part of this
clause indicates that the initial value for the OID column of each newly inserted row will
be provided by the user when inserting a row; once inserted, the OID column cannot be
updated.

The next typed table above, Person, is of type Person_t. The type Person_t is the root
of a type hierarchy, so we need to create a corresponding “table hierarchy” if we want
to store instances of type Person_t and its subtypes. Thus, after creating the table
Person, we create two “subtables” of the Person table, Employee and Student, and also
two subtables of the Employee table, Manager and Architect. Just as a subtype inherits
the attributes of its supertype, a subtable inherits the columns of its supertable —
including the OID column. (Note: A subtable must reside in the same schema as its
supertable.) Rows in the Employee subtable, for example, will therefore have a total of
six columns: 0id, Name, Age, SerialNum, Salary, and Dept.

The INHERIT SELECT PRIVILEGES clause specifies that the subtable being defined,
such as, Employee, should (at least initially) be readable by the same users and groups
as the “supertable,” such as, Person, UNDER which it is created. Any user or group
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holding a SELECT privilege on the supertable will be granted SELECT privilege on the
newly created subtable, with the subtable definer being the grantor of this privilege.

Note: Privileges may be granted and revoked independently at every level of a table
hierarchy. Thus, the inherited SELECT privileges on a subtable may be revoked
after the subtable has been created if the definer of the subtable does not wish
for them to remain granted. While doing so does not prevent a user with
SELECT privilege on the supertable from seeing those columns of the
subtable's rows, it does prevent them from seeing the additional columns that
appear only at the level of the subtable because a user can only operate
directly on a subtable if they hold the necessary privilege on that subtable.

The WITH OPTIONS SCOPE clause in the CREATE statement for the Employee table
declares that the Dept column of this table has a “scope” of Department. This means
that the reference values in this column of the Employee table are intended to refer to
objects in the Department table. The scope information is needed if the user wants to
be able to dereference these references in SQL statements using the new SQL
dereference operator (—>).

This example has shown how a table hierarchy can be defined, based on a
corresponding hierarchy of structured types, in order to create a database in which
objects of particular types and subtypes can be stored and managed. Every table
hierarchy has a “root table,” which has an OID column plus a column for each attribute
of its declared type. In addition, it can have a number of “subtables,” each of which is
created UNDER the root table or some other appropriate “supertable” within the table
hierarchy. This example has also shown how scopes are specified for reference
attributes.

See SQL Reference for more information on the CREATE TABLE statement (or the
CREATE VIEW statement) and how to establish subtype/supertype relationships
between typed tables. (For an introduction to CREATE VIEW you could see “Creating a
Typed View” on page 116.)

Populating a Typed Table
After creating the structured types and then creating the corresponding tables and
subtables, you will have a database like the following:
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Department Person

Department t Person_t
(Oid, Name, Headcount) (Oid, Name, Age)
Employee Student
Employee t Student t
(SerialNum, Salary, REF (Department_t)) (SerialNum, Marks)

Manager Architect

Manager_t Architect_t

(Bonus) (StockOption)

| Figure 19.

| Once the hierarchy is established, you will need to populate the tables with data. This
| may be done as shown in the following example:
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INSERT INTO Department (0id, Name, Headcount)
VALUES (Department_t('1'), 'Toy', 15);

INSERT INTO Department (0id, Name, Headcount)
VALUES (Department_t('2'), 'Shoe', 10);

INSERT INTO Person (0id, Name, Age)

VALUES(Person_t('a'), 'Andrew', 20);
INSERT INTO Person (0id, Name, Age)

VALUES (Person_t('b'), 'Bob', 30);
INSERT INTO Person (0id, Name, Age)

VALUES(Person_t('c'), 'Cathy', 25);
INSERT INTO Employee (0id, Name, Age, SerialNum, Salary, Dept)

VALUES (Employee_t('d'), 'Dennis', 26, 105, 30000, Department t('1'));
INSERT INTO Employee (0id, Name, Age, SerialNum, Salary, Dept)

VALUES (Employee t('e'), 'Eva', 31, 83, 45000, Department t('2'));
INSERT INTO Employee (0id, Name, Age, SerialNum, Salary, Dept)

VALUES (Employee t('f'), 'Franky', 28, 214, 39000, Department t('2'));
INSERT INTO Student (0id, Name, Age, SerialNum, Marks)

VALUES(Student_t('g'), 'Gordon', 19, 10245, 90);
INSERT INTO Student (0id, Name, Age, SerialNum, Marks)

VALUES (Student_t('h'), 'Helen', 20, 10357, 70);
INSERT INTO Manager (0id, Name, Age, SerialNum, Salary, Dept, Bonus)

VALUES (Manager t('i'), 'Iris', 35, 251, 55000, Department t('l'), 12000);
INSERT INTO Manager (0id, Name, Age, SerialNum, Salary, Dept, Bonus)

VALUES (Manager_t('j'), 'Christina', 10, 317, 85000, Department t('1l'), 25000);
INSERT INTO Manager (0id, Name, Age, SerialNum, Salary, Dept, Bonus)

VALUES (Manager t('k'), 'Ken', 55, 482, 105000, Department t('2'), 48000);
INSERT INTO Architect (0id, Name, Age, SerialNum, Salary, Dept, StockOption)

VALUES (Architect_t('1'), 'Leo', 35, 661, 92000, Department t('2'), 20000);
INSERT INTO Architect (0id, Name, Age, SerialNum, Salary, Dept, StockOption)

VALUES (Architect _t('m'), 'Brian', 7, 882, 112000,

(SELECT 0id FROM Department WHERE name = 'Toy'), 30000);

Notice from the example that first value in each inserted row is the OID for the data
being inserted into the tables. Also, when inserting data into a subtable, note that data
must be provided for its inherited columns. Finally, notice that any reference-valued
expression of the appropriate type can be used to initialize a reference attribute. In
most cases above, the Dept reference of the employees is input as an appropriately
type-casted constant; however, in the case of Brian, the reference is obtained using a
subquery.

Following the above INSERT statements, we can now query the typed tables using
their associated SQL extensions. For example, here is the result we would obtain if we
now ask DB2 to "SELECT Name, Age FROM Person", which prints the hames and
ages of all persons (in Person or its subtables) in our database:
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Andrew 20
Bob 30
Dennis 26
Eva 31
Franky 28
Gordon 19
Helen 20
Iris 35
Christina 10
Ken 55
Leo 35
Brian 7

12 record(s) selected.

Similarly, here is the result that obtained if we ask DB2 to "SELECT Name, Salary,
Dept—>Name FROM Employee”, which prints the names, salaries, and department
names of all the employees in the database:

NAME SALARY NAME
Dennis 30000 Toy
Eva 45000 Shoe
Franky 39000 Shoe
Iris 55000 Toy
Christina 85000 Toy
Ken 105000 Shoe
Leo 92000 Shoe
Brian 112000 Toy

8 record(s) selected.

Note: In the second SELECT statement above, the dereference operator (—>) is used.
The dereference operator returns the named column value from the target table
or subtable, or the target view or subview, of the scoped reference expression
from the row with the matching OID column. Dept is the “scoped reference
expression” (that is, a reference type that has a scope). Name is the name of an
attribute of the target type of the scoped reference expression.

Creating a Table in Multiple Table Spaces

Data, index, and long column data can be stored in the same table space as the table
or in a different table space only for DMS. The following example shows how the
EMP_PHOTO table could be created to store the different parts of the table in different
table spaces:
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CREATE TABLE EMP_PHOTO

(EMPNO CHAR(6) NOT NULL,
PHOTO_FORMAT VARCHAR(10) NOT NULL,
PICTURE BLOB(100K) )

IN RESOURCE
INDEX IN RESOURCE_INDEXES
LONG IN RESOURCE_PHOTO

This example will cause the EMP_PHOTO data to be stored as follows:

¢ Indexes created for the EMP_PHQOTO table will be stored in the
RESOURCES_INDEXES table space

e Data for the PICTURE column will be stored in the RESOURCE_PHOTO table
space

e Data for the EMPNO and PHOTO_FORMAT columns will be stored in the
RESOURCE table space.

See “Table Space Design Considerations” on page 52 for additional considerations on
the use of multiple DMS table spaces for a single table.

See the SQL Reference for more information.

Creating a Table in a Partitioned Database
Before creating a table that will be physically divided or partitioned, you need to
consider the following:

e Table spaces can span more than one database partition. The number of partitions
they scan depends on the number of partitions in a nodegroup.

e Tables can be collocated by being placed in the same table space or by being
placed in another table space that, together with the first table space, is associated
with the same nodegroup. For more information, see “Table Collocation” on
page 41.

One additional option exists when creating a table in a partitioned database
environment: the partitioning key. A partitioning key is a key that is part of the definition
of a table. It determines the partition on which each row of data is stored.

It is important to select an appropriate partitioning key because it cannot be changed
later. Furthermore, any unique indexes (and therefore unique or primary keys) must be
defined as a superset of the partitioning key. That is, if a partitioning key is defined,
unique keys and primary keys must include all of the same columns as the partitioning
key (they may have more columns).

If you do not specify the partitioning key explicitly, the following defaults are used.
Ensure that the default partitioning key is appropriate.

e |If a primary key is specified in the CREATE TABLE statement, the first column of
the primary key is used as the partitioning key.

e If there is no primary key, the first column that is not a long field is used.

e If no columns satisfy the requirements for a default partitioning key, the table is
created without one (this is allowed only in single-partition nodegroups).
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Following is an example:

CREATE TABLE MIXREC (MIX_CNTL INTEGER NOT NULL,
MIX_DESC CHAR(20) NOT NULL,
MIX_CHR CHAR(9) NOT NULL,
MIX_INT INTEGER NOT NULL,
MIX_INTS SMALLINT NOT NULL,
MIX_DEC DECIMAL NOT NULL,
MIX_FLT FLOAT NOT NULL,
MIX_DATE DATE NOT NULL,
MIX_TIME TIME NOT NULL,
MIX_TMSTMP TIMESTAMP NOT NULL)
IN MIXTS12
PARTITIONING KEY (MIX_INT) USING HASHING

In the preceding example, the table space is MIXTS12 and the partitioning key is
MIX_INT. If the partitioning key is not specified explicitly, it is MIX_CNTL. (If no primary
key is specified and no partitioning key is defined, the partitioning key is the first
non-long column in the list.)

A row of a table, and all information about that row, always resides on the same
database partition.

The size limit for one partition of a table is 64 GB, or the available disk space,
whichever is smaller. (This assumes a 4 KB page size for the table space.) The size of
the table can be as large as 64 GB (or the available disk space) times the number of
database partitions. If the page size for the table space was 8 KB, the size of the table
can be as large as 128 GB (or the available disk space) times the number of database
partitions.

Creating a Trigger

A trigger defines a set of actions that are executed in conjunction with, or triggered by,
an INSERT, UPDATE, or DELETE clause on a specified base table. Some uses of
triggers are to:

¢ Validate input data

e Generate a value for a newly-inserted row

¢ Read from other tables for cross-referencing purposes
e Write to other tables for audit-trail purposes

You can use triggers to support general forms of integrity or business rules. For
example, a trigger can check a customer's credit limit before an order is accepted or
update a summary data table.

The benefits of using a trigger are:

¢ Faster application development: Because a trigger is stored in the database, you
do not have to code the actions it does in every application.

e Easier maintenance: Once a trigger is defined, it is automatically invoked when the
table that it is created on is accessed.
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¢ Global enforcement of business rules: If a business policy changes, you only need
to change the trigger and not each application program.

The following SQL statement creates a trigger that increases the number of employees
each time a new person is hired, by adding 1 to the number of employees (NBEMP)
column in the COMPANY_STATS table each time a row is added to the EMPLOYEE
table.

CREATE TRIGGER NEW_HIRED
AFTER INSERT ON EMPLOYEE
FOR EACH ROW MODE DB2SQL
UPDATE COMPANY_STATS SET NBEMP = NBEMP+1;

A trigger body can include one or more of the following SQL statements: INSERT,
searched UPDATE, searched DELETE, full-selects, SET transition-variable, and
SIGNAL SQLSTATE. The trigger can be activated before or after the INSERT,
UPDATE, or DELETE statement to which it refers. See the SQL Reference for
complete syntax information on the CREATE TRIGGER statement. See the Embedded
SQL Programming Guide for information about creating and using triggers.

Trigger Dependencies

All dependencies of a trigger on some other object are recorded in the
SYSCAT.TRIGDEP catalog. A trigger can depend on many objects. These objects and
the dependent trigger are presented in detail in the SQL Reference discussion on the
DROP statement.

If one of these objects is dropped, the trigger becomes inoperative but its definition is
retained in the catalog. To revalidate this trigger, you must retrieve its definition from
the catalog and submit a new CREATE TRIGGER statement.

If a trigger is dropped, its description is deleted from the SYSCAT.TRIGGERS catalog
view and all of its dependencies are deleted from the SYSCAT.TRIGDEP catalog view.
All packages having UPDATE, INSERT, or DELETE dependencies on the trigger are
invalidated.

If the dependent object is a view and it is made inoperative, the trigger is also marked
inoperative. Any packages dependent on triggers that have been marked inoperative
are invalidated. (For more information, see “Statement Dependencies When Changing
Objects” on page 139.)

Creating a User-Defined Function (UDF)
User-defined functions (UDFs) extend and add to the support provided by built-in
functions of SQL, and can be used wherever a built-in function can be used. You can
create UDFs as either:

¢ An external function, which is written in a programming language.
e A sourced function, whose implementation is inherited from some other existing
function.
There are three types of UDFs:
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Scalar Returns a single-valued answer each time it is called. For example, the
built-in function SUBSTR() is a scalar function. Scalar UDFs can be
either external or sourced.

Column Returns a single-valued answer from a set of like values (a column). It is
also sometimes called an aggregating function in DB2. An example of a
column function is the built-in function AVG(). An external column UDF
cannot be defined to DB2, but a column UDF which is sourced upon one
of the built-in column functions can be defined. This is useful for distinct

types.

For example, if there is a distinct type SHOESIZE defined with base type
INTEGER, a UDF AVG(SHOESIZE) which is sourced on the built-in
function AVG(INTEGER) could be defined, and it would be a column
function.

Table Returns a table to the SQL statement which references it. Table
functions may only be referenced in the FROM clause of a SELECT
statement. Such a function can be used to apply SQL language
processing power to data which is not DB2 data, or to convert such data
into a DB2 table.

For example, table functions can take a file and convert it to a table,
tabularize sample data from the World Wide Web, or access a Lotus
Notes database and return information such as the date, sender, and
text of mail messages. This information can be joined with other tables in
the database.

A table function can only be an external function. It cannot be a sourced
function.

Information about existing UDFs is recorded in the SYSCAT.FUNCTIONS and
SYSCAT.FUNCPARMS catalog views. The system catalog does not contain the
executable code for the UDF. (Therefore, when creating your backup and recovery
plans you should consider how you will manage your UDF executables.)

Statistics about the performance of UDFs are important when compiling SQL
statements. For information about how to update UDF statistics in the system catalog,
see “Updating Statistics for User-Defined Functions” on page 459.

A UDF cannot be dropped if a view, trigger, table check constraint, or another UDF is
dependent on it. If a UDF is dropped, packages that are dependent on it are marked
inoperative. (For more information, see “Statement Dependencies When Changing
Objects” on page 139.)

For details on using the CREATE FUNCTION statement to write a UDF to suit your
specific application, see the Embedded SQL Programming Guide. See the SQL
Reference for details on UDF syntax.

Chapter 3. Implementing Your Design 111



| Creating a User-Defined Type (UDT)

| A user-defined type (UDT) is a named data type that is created in the database by the
| user. A UDT can be a distinct type which shares a common respresentation with a

| built-in data type or a structured type which has a sequence of named attributes that

| each have a type. A structured type can be a subtype of another structured type (called
| a supertype), defining a type hierarchy.

| UDTSs support strong typing, which means that even though they share the same

| representation as other types, values of a given UDT are considered to be compatible

| only with values of the same UDT or UDTs in the same type hierarchy.

The SYSCAT.DATATYPES catalog view allows you to see the UDTs that have been
defined for your database. This catalog view also shows you the data types defined by
the database manager when the database was created. For a complete list of all data
types, see the SQL Reference.

| A UDT cannot be used as an argument for most of the system-provided, or built-in,
| functions. User-defined functions must be provided to enable these and other
[ operations.

You can drop a UDT only if:

I

| e Itis not used in a column definition for an existing table.

| e |tis not used as the type of an existing typed table or typed view.

| e Itis not used in a UDF function that cannot be dropped. A UDF cannot be dropped
| if a view, trigger, table check constraint, or another UDF is dependent on it.

| When a UDT is dropped, any functions that are dependent on it are also dropped.

| Creating a User-Defined Distinct Type

| A user-defined distinct type is a data type derived from an existing type, such as an

| integer, decimal, or character type. You can create a distinct type using the CREATE
| DISTINCT TYPE statement.

| The following SQL statement creates the distinct type t_educ as a smallint:
| CREATE DISTINCT TYPE T_EDUC AS SMALLINT WITH COMPARISONS

| Instances of the same distinct type can be compared to each other, if the WITH

| COMPARISONS clause is specified on the CREATE DISTINCT TYPE statement (as in
| the example). The WITH COMPARISONS clause cannot be specified if the source data
| type is a large object, a DATALINK, LONG VARCHAR, or LONG VARGRAPHIC type.

| Instances of distinct types cannot be used as arguments of functions or operands of
| operations that were defined on the source type. Similarly, the source type cannot be

| used in arguments or operands that were defined to use a distinct type.

| Once you have created a distinct type, you can use it to define columns in a CREATE
| TABLE statement:
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CREATE TABLE EMPLOYEE
(EMPNO CHAR(6) NOT NULL,
FIRSTNME ~ VARCHAR(12) NOT NULL,
LASTNAME  VARCHAR(15) NOT NULL,
WORKDEPT ~ CHAR(3),
PHONENO  CHAR(4),
PHOTO BLOB(106M)  NOT NULL,
EDLEVEL ~ T_EDUC)

IN RESOURCE

Creating the distinct also generates support to cast between the distinct type and the
source type. Hence, a value of type T_EDUC can be cast to a SMALLINT value and
SMALLINT value can be castto a T_EDUC value.

See the SQL Reference for complete syntax information on the CREATE DISTINCT
TYPE statement. See the Embedded SQL Programming Guide for information about
creating and using a distinct type.

Creating a User-Defined Structured Type

You can create a structured type using the CREATE TYPE statement. Subtyping is
supported for structured types, and is expressed by using the CREATE TYPE...UNDER
variant of the CREATE TYPE statement.

For example, consider the following user-defined structured types:

CREATE TYPE Department_t AS (Name VARCHAR(20), Headcount INT)
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE TYPE Person_t AS (Name VARCHAR(20), Age INT)
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE TYPE Employee_t UNDER Person_t
AS (SerialNum INT, Salary INT, Dept REF(Department_t))
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE TYPE Student_t UNDER Person_t AS (SerialNum INT, Marks INT)
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE TYPE Manager_ t UNDER Employee t AS (Bonus INT)
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE TYPE Architect_t UNDER Employee t AS (StockOption INT)
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

The AS clause provides the attribute definitions associated with the type.

The WITHOUT COMPARISONS clause indicates that comparison functions are not
supported for instances of the structured type.

The NOT FINAL clause indicates that the structured type may be used as a supertype.

The MODE DB2SQL clause is used to specify the mode of the type. DB2SQL is the
only value for mode currently supported.

The UNDER clause specifies that the structured type is being defined as a subtype of
the specified supertype.
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The first structured type above (Department_t) is a type with two attributes: Name and
Headcount. The second structured type (Person_t) is another type with two attributes:
Name and Age. The type Person_t has two subtypes, Employee_t and Student_t, that
each inherit the attributes of Person_t but have several additional attributes that are
specific to their particular types. Note that the Dept attribute of Employee_t is a
reference, of type REF(Department_t), that can refer to an object of type Department_t.
Finally, Manager_t and Architect_t are both subtypes of Employee_t; they inherit all the
attributes of Employee_t and extend them further as appropriate for their types. Thus,
an instance of type Manager_t will have a total of six attributes: Name, Age, SerialNum,
Salary, Dept, and Bonus.

This example showing user-defined structured types contains definitions for two “type
hierarchies.” One is the Department_t type hierarchy, which consists only of the type
Department_t (and therefore isn't much of a hierarchy). The other is the Person_t type
hierarchy, which consists of the type Person_t, two subtypes of Person_t, namely
Employee_t and Student_t, and two subtypes of Employee_t, namely Manager_t and
Architect_t. The Department_t type and Person_t type are “root types” since they are
not subtypes of any other type (that is, neither one has an UNDER clause in its type
definition). The Employee_t type is a “subtype” of Person_t, or respectively Person_t is
a “supertype” of Employee_t, since the structured type Employee_t is created UNDER
the type Person_t and inherits its attributes.

See SQL Reference for more information on the CREATE TYPE (Structured)
statement.

Creating a View

Views are derived from one or more base tables or views, and can be used
interchangeably with base tables when retrieving data. When changes are made to the
data shown in a view, the data is changed in the table itself.

A view can be created to limit access to sensitive data, while allowing more general
access to other data. For example, the EMPLOYEE table may have salary information
in it, which should not be made available to everyone. The employee's phone number,
however, should be generally accessible. In this case, a view could be created from the
LASTNAME and PHONENO columns only. Access to the view could be granted to
PUBLIC, while access to the entire EMPLOYEE table could be restricted to those who
have the authorization to see salary information. For information about read-only views,
see the SQL Reference manual.

With a view, you can make a subset of table data available to an application program
and validate data that is to be inserted or updated. A view can have column names that
are different from the names of corresponding columns in the original tables.

The use of views provides flexibility in the way your programs and end-user queries can
look at the table data.

The following SQL statement creates a view on the EMPLOYEE table that lists all
employees in Department A0O with their employee and telephone numbers:

114  Administration Guide



CREATE VIEW EMP_VIEW (DAGONAME, DAOONUM, PHONENO)
AS SELECT LASTNAME, EMPNO, PHONENO FROM EMPLOYEE
WHERE WORKDEPT = 'A0O'

WITH CHECK OPTION

The first line of this statement names the view and defines its columns. The name
EMP_VIEW must be unique within its schema in SYSCAT.TABLES. The view name
appears as a table name although it contains no data. The view will have three
columns called DAOONAME, DAOONUM, and PHONENO, which correspond to the
columns LASTNAME, EMPNO, and PHONENO from the EMPLOYEE table. The
column names listed apply one-to-one to the select list of the SELECT statement. If
column names are not specified, the view uses the same names as the columns of the
result table of the SELECT statement.

The second line is a SELECT statement that describes which values are to be
selected from the database. It may include the clauses ALL, DISTINCT, FROM,
WHERE, GROUP BY, and HAVING. The name or names of the data objects from
which to select columns for the view must follow the FROM clause.

The WITH CHECK OPTION clause indicates that any updated or inserted row to the
view must be checked against the view definition, and rejected if it does not conform.
This enhances data integrity but requires additional processing. If this clause is
omitted, inserts and updates are not checked against the view definition.

The following SQL statement creates the same view on the EMPLOYEE table using the
SELECT AS clause:

CREATE VIEW EMP_VIEW
SELECT LASTNAME AS DAOONAME,
EMPNO AS DAOONUM,
PHONENO
FROM EMPLOYEE
WHERE WORKDEPT = 'A0Q'
WITH CHECK OPTION

You can create a view that uses a UDF in its definition. However, to update this view
so that it contains the latest functions, you must drop it and then re-create it. If a view is
dependent on a UDF, that function cannot be dropped.

The following SQL statement creates a view with a function in its definition:

CREATE VIEW EMPLOYEE_PENSION (NAME, PENSION)
AS SELECT NAME, PENSION(HIREDATE,BIRTHDATE,SALARY,BONUS)
FROM EMPLOYEE

The UDF function PENSION calculates the current pension an employee is eligible to
receive, based on a formula involving their HIREDATE, BIRTHDATE, SALARY, and
BONUS.

In addition to using views as described above, a view can also be used to:
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e Alter a table without affecting application programs. This can happen by creating a
view based on an underlying table. Applications that use the underlying table are
not affected by the creation of the new view. New applications can use the created
view for different purposes than those applications that use the underlying table.

e Sum the values in a column, select the maximum values, or average the values.

An alternative to creating a view is to use a nested or common table expression to
reduce catalog lookup and improve performance. See the SQL Reference for more
information about common table expressions.

Creating a Typed View

You can create a typed view using the CREATE VIEW statement. For example, to
create a view of the typed Department table that we created earlier, we can define a
structured type that has the desired attributes and then create a typed view using that
type:

CREATE TYPE VDepartment t AS (Name VARCHAR(20))
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE VIEW VDepartment OF VDepartment_t MODE DB2SQL
(REF IS VOid USER GENERATED)
AS SELECT VDepartment_t(Varchar(0id)), Name FROM Department;

The OF clause in the CREATE VIEW statement tells the system that the columns of the
view are to be based on the attributes of the indicated structured type (in this case
VDepartment_t).

The MODE DB2SQL clause specifies the mode of the typed view. This is the only valid
mode currently supported.

The REF IS... clause is identical to that of the typed CREATE TABLE statement. It
provides a name for the view's OID column (V0id in this case), which is the first column
of the view. Typed views, like typed tables, require an OID column to be specified (in
the case of a root view) or inherited (in the case of a subview, as will be shown
shortly).

The USER GENERATED clause specifies that the initial value for the OID column must
be provided by the user when inserting a row. Once inserted, the OID column cannot
be updated.

To illustrate the creation of a typed view hierarchy, the following example defines a
view hierarchy that omits some sensitive data and eliminates some type distinctions
from the Person table hierarchy created earlier under “Creating a Typed Table” on
page 103:
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CREATE TYPE VPerson_t AS (Name VARCHAR(20))
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE TYPE VEmployee t UNDER VPerson_t
AS (Salary INT, Dept REF(VDepartment t))
WITHOUT COMPARISONS NOT FINAL MODE DB2SQL;

CREATE VIEW VPerson OF VPerson_t MODE DB2SQL
(REF IS VOid USER GENERATED)
AS SELECT VPerson_t (Varchar(0id)), Name FROM ONLY(Person);

CREATE VIEW VEmployee OF VEmployee t MODE DB2SQL
UNDER VPerson INHERIT SELECT PRIVILEGES
(Dept WITH OPTIONS SCOPE VDepartment)
AS SELECT VEmployee t(Varchar(0id)), Name, Salary,
VDepartment_t(Varchar(Dept))
FROM EmpTloyee;

The two CREATE TYPE statements create the structured types that are needed to
create the object view hierarchy for this example.

The first typed CREATE VIEW statement above creates the root view of the hierarchy,
VPerson, and is very similar to the VDepartment view definition. The difference is the
use of ONLY(Person) to ensure that only the rows in the Person table hierarchy that are
in the Person table are included in the VPerson view. This ensures that the 0id values
in VPerson are unique compared with the 0id values in VEmployee. The second
CREATE VIEW statement creates a subview VEmployee of the view VPerson. As was
the case for the UNDER clause in the CREATE TABLE...UNDER statement, the
UNDER clause when creating a view establishes the superview/subview relationship.
(Note: The subview must be created in the same schema as its superview.) As was
the case for typed tables, columns are inherited by subviews. Rows in the VEmployee
view will inherit the columns V0id and Name from VPerson and have the additional
columns Salary and Dept associated with the type VEmployee_t.

The INHERIT SELECT PRIVILEGES clause has the same meaning here as in the
typed CREATE TABLE statement.

Similarly, the WITH OPTIONS clause in a typed view definition plays the same role as
it does in a typed table definition — it allows column options such as SCOPE to be
specified. As well, a new column option, READ ONLY (not used in our example), is
provided for columns of typed views. This clause is used to force a superview column
to be marked as read-only so that a later subview definition can legitimately specify an
expression for the same column that is implicitly read-only.

If a view has a reference column (like VEmployee's Dept column), a scope must be
associated with the column if it is to be useable in SQL dereference operations. If no
scope is specified for the reference column of the view and the underlying table or view
column was scoped, then the underlying column's scope is passed on to the view's
reference column. It can be explicitly given a scope by using WITH OPTIONS, as in our
example where the Dept column of the VEmployee view gets the VDepartment view as its
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scope. The column would remain unscoped if the underlying table or view column did
not have a scope and none was explicitly assigned in the view definition (or later by
using the ALTER VIEW statement).

There are several important rules associated with restrictions on the queries for typed
views found in the SQL Reference that you should read carefully before attempting to
crea te and use a typed view.

Creating a Summary Table

A summary table is a table whose definition is based on the result of a query. As such,
the summary table typically contains pre-computed results based on the data existing in
the table or tables that its definition is based on. If the SQL compiler determines that a
dynamic query will run more efficiently against a summary table than the base table,
the query executes against the summary table, and you obtain the result faster than
you otherwise would.

The creation of a summary table with the replication option can be used to replicate
tables across all nodes in a partitioned database environment. These are known as
“replicated summary tables.” See “Replicated Summary Tables” on page 42 for more
information.

Note: Summary tables are not used with static SQL.

To create a summary table, you use the CREATE SUMMARY TABLE statement with
the AS fullselect clause and the REFRESH DEFERRED option. REFRESH DEFERRED
is the only option currently supported; the IMMEDIATE option is not. Summary tables
specified with REFRESH DEFERRED will not reflect changes to the underlying base
tables. You should use summary tables where this is not a requirement. For example, if
you run DSS queries, you would use the summary table to contain legacy data.

A summary table defined with REFRESH DEFERRED may be used in place of a query
when it:

e Conforms to the restrictions for a fullselect of a refresh immediate summary table,
except:

— The SELECT list is not required to include COUNT(*) or COUNT_BIG(*)

— The SELECT list can include MAX and MIN column functions

— A HAVING clause is allowed.
The SQL special register CURRENT REFRESH AGE SQL is set to ANY or has a value
of 99999999999999. The collection of nines is the maximum value allowed in this

special register which is a timestamp duration value with a data type of
DECIMAL(20,6).

Note: Summary tables are not used to optimize static SQL.
You use the CURRENT REFRESH AGE special register to specify the amount of time

that the summary table with deferred refresh can be used for a dynamic query before it
must be refreshed. To set the value of the CURRENT REFRESH AGE special register,
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you can use the SET CURRENT REFRESH AGE statement. For more information
about the CURRENT REFRESH AGE special register and the SET CURRENT
REFRESH AGE statement, refer to the SQL Reference.

Note: Setting the CURRENT REFRESH AGE special register to a value other than
zero should be done with caution. By allowing a summary table that may not
represent the values of the underlying base table to be used to optimize the
processing of the query, the result of the query may not accurately represent
the data in the underlying table. This may be reasonable when you know the
underlying data has not changed, or you are willing to accept the degree of
error in the results based on your knowledge of the data.

With activity affecting the source data, a summary table over time will no longer contain
accurate data. You will need to use the REFRESH TABLE statement. Refer to the SQL
Reference for more information.

If you want to create a new base table that is based on any valid fullselect, specify the
DEFINITION ONLY keyword when you create the table. When the create table
operation completes, the new table is not treated as a summary table, but rather as a
base table. For example, you can create the exception tables used in LOAD and SET
CONSTRAINTS as follows:

CREATE TABLE XT AS
(SELECT T.*, CURRENT TIMESTAMP AS TIMESTAMP,CLOB(",32K)
AS MSG FROM T) DEFINITION ONLY

Here are some of the key restrictions regarding summary tables:

1. You cannot alter a summary table.

2. You cannot alter the length of a column for a base table if that table has a
summary table.

3. You cannot import data into a summary table.

4. You cannot create a unique index on a summary table.

Refer to the SQL Reference for a complete statement of summary table restrictions.

Creating an Alias

An alias is an indirect method of referencing a table or view, so that an SQL statement
can be independent of the qualified name of that table or view. Only the alias definition
must be changed if the table or view name changes. An alias can be created on
another alias. An alias can be used in a view or trigger definition and in any SQL
statement, except for table check-constraint definitions, in which an existing table or
view name can be referenced.

The alias is replaced at statement compilation time by the table or view name. If the
alias or alias chain cannot be resolved to a table or view name, an error results. For
example, if WORKERS is an alias for EMPLOYEE, then at compilation time:

SELECT = FROM WORKERS
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becomes in effect
SELECT * FROM EMPLOYEE

An alias name can be used wherever an existing table name can be used, and can
refer to another alias if no circular or repetitive references are made along the chain of
aliases.

The following SQL statement creates an alias WORKERS for the EMPLOYEE table:
CREATE ALIAS WORKERS FOR EMPLOYEE

The alias name cannot be the same as an existing table, view, or alias, and can only
refer to a table within the same database. The name of a table or view used in a
CREATE TABLE or CREATE VIEW statement cannot be the same as an alias name in
the same schema.

You do not require special authority to create an alias, unless the alias is in a schema
other than the one owned by your current authorization ID, in which case DBADM
authority is required.

An alias can be defined for a table, view, or alias that does not exist at the time of
definition. However, it must exist when an SQL statement containing the alias is
compiled.

When an alias, or the object to which an alias refers, is dropped, all packages
dependent on the alias are marked invalid and all views and triggers dependent on the
alias are marked inoperative.

Note: DB2 for MVS/ESA employs two distinct concepts of aliases: ALIAS and
SYNONYM. These two concepts differ from DB2 Universal Database as follows:

e ALIASes in DB2 for MVS/ESA:
— Require their creator to have special authority or privilege
— Cannot reference other aliases.
¢ SYNONYMs in DB2 for MVS/ESA:
— Can only be used by their creator
— Are always unqualified
— Are dropped when a referenced table is dropped
— Do not share namespace with tables or views.

Creating an Index
An index is a list of the locations of rows, sorted by the contents of one or more
specified columns. Indexes are typically used to speed up access to a table. However,
they can also serve a logical data design purpose. For example, a unique index does
not allow entry of duplicate values in the columns, thereby guaranteeing that no two
rows of a table are the same. Indexes can also be created to specify ascending or
descending order of the values in a column.

An index is defined by columns in the base table. It can be defined by the creator of a
table, or by a user who knows that certain columns require direct access. Up to 16
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columns can be specified for an index. A primary index key is automatically created on
the primary key, unless a user-defined index already exists.

Any number of indexes can be defined on a particular base table and they can have a
beneficial effect on the performance of queries. However, the more indexes there are,
the more the database manager must modify during update, delete, and insert
operations. Creating a large number of indexes for a table that receives many updates
can slow down processing of requests. Therefore, use indexes only where a clear
advantage for frequent access exists.

An index key is a column or collection of columns on which an index is defined, and
determines the usefulness of an index. Although the order of the columns making up an
index key does not make a difference to index key creation, it may make a difference to
the optimizer when it is deciding whether or not to use an index.

If the table being indexed is empty, an index is still created, but no index entries are
made until the table is loaded or rows are inserted. If the table is not empty, the
database manager makes the index entries while processing the CREATE INDEX
statement.

For a clustering index, new rows are inserted physically close to existing rows with
similar key values. This yields a performance benefit during queries because it results
in more a linear access pattern to data pages and more effective pre-fetching.

If you want a primary key index to be a clustering index, a primary key should not be
specified at CREATE TABLE. Once a primary key is created, the associated index
cannot be modified. Instead, perform a CREATE TABLE without a primary key clause.
Then issue a CREATE INDEX statement, specifying clustering attributes. Finally, use
the ALTER TABLE statement to add a primary key that corresponds to the index just
created. This index will be used as the primary key index.

Generally, clustering is more effectively maintained if the clustering index is unique.

Column data which is not part of the unique index key but which is to be
stored/maintained in the index is called an include column. Include columns can be
specified for unique indexes only. When creating an index with include columns, only
the unique key columns are sorted and considered for uniqueness. Use of include
columns improves the performance of data retrieval when index access is involved.

Indexes for tables in a partitioned database are built using the same CREATE INDEX
statement. They are partitioned based on the partitioning key of the table. An index on
a table consists of the local indexes in that table on each node in the nodegroup. Note
that unique indexes defined in a multiple partition environment must be a superset of
the partitioning key.

Performance Tip: Create your indexes before using the LOAD utility if you are going to
carry out the following series of tasks:

e Create Table

e Load Table
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¢ Create Index
¢ Perform RUNSTATS

You should consider ordering the execution of tasks in the following way:

1. Create the table
2. Create the index
3. Load the table with the statistics yes option requested.

For more information on LOAD performance improvements, see “System Catalog
Tables” on page 29.

Indexes are maintained after they are created. Subsequently, when application
programs use a key value to randomly access and process rows in a table, the index
based on that key value can be used to access rows directly. This is important,
because the physical storage of rows in a base table is not ordered. When a row is
inserted, unless there is a clustering index defined, the row is placed in the most
convenient storage location that can accommodate it. When searching for rows of a
table that meet a particular selection condition and the table has no indexes, the entire
table is scanned. An index optimizes data retrieval without performing a lengthy
sequential search.

The data for your indexes can be stored in the same table space as your table data, or
in a separate table space containing index data. The table space used to store the
index data is determined when the table is created (see “Creating a Table in Multiple
Table Spaces” on page 107).

The following two sections “Using an Index” and “Using the CREATE INDEX
Statement” provide more information on creating an index.

Using an Index

An index is never directly used by an application program. The decision on whether to
use an index and which of the potentially available indexes to use is the responsibility
of the optimizer.

The best index on a table is one that:

e Uses high-speed disks
¢ Is highly-clustered
e Is made up of only a few narrow columns

For a detailed discussion of how an index can be beneficial, see “Index Scan Concepts”
on page 477.

Using the CREATE INDEX Statement

You can create an index that will allow duplicates (a non-unique index) to enable
efficient retrieval by columns other than the primary key, and allow duplicate values to
exist in the indexed column or columns.

The following SQL statement creates a non-unique index called LNAME from the
LASTNAME column on the EMPLOYEE table, sorted in ascending order:
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CREATE INDEX LNAME ON EMPLOYEE (LASTNAME ASC)

The following SQL statement creates a unique index on the phone number column:
CREATE UNIQUE INDEX PH ON EMPLOYEE (PHONENO DESC)

A unique index ensures that no duplicate values exist in the indexed column or
columns. The constraint is enforced at the end of the SQL statement that updates rows
or inserts new rows. This type of index cannot be created if the set of one or more
columns already has duplicate values.

The keyword ASC puts the index entries in ascending order by column, while DESC
puts them in descending order by column. The default is ascending order.

The following SQL statement creates a clustering index called INDEX1 on LASTNAME
column of the EMPLOYEE table:

CREATE INDEX INDEX1 ON EMPLOYEE (LASTNAME) CLUSTER

To be effective, use clustering indexes with the PCTFREE parameter associated with
the ALTER TABLE statement so that new data can be inserted on the correct pages
which maintains the clustering order. Typically, the greater the INSERT activity on the
table, the larger the PCTFREE value (on the table) that will be needed in order to
maintain clustering. Since this index determines the order by which the data is laid out
on physical pages, only one clustering index can be defined for any particular table.

If, on the other hand, the index key values of these new rows are, for example, always
new high key values, then the clustering attribute of the table will try to place them at
the end of the table. Having free space in other pages will do little to preserve
clustering. In this case, placing the table in append mode may be a better choice than a
clustering index and altering the table to have a large PCTFREE value. You can place
the table in append mode by issuing: ALTER TABLE APPEND ON. See “Changing
Table Attributes” on page 135 for additional overview information on ALTER TABLE.
Refer to the SQL Reference for additional detailed information on ALTER TABLE.

The above discussion also applies to new "overflow" rows that result from UPDATES
which increase the size of a row.

The PCTFREE clause of the CREATE INDEX statement specifies the percentage of
each index page to leave as free space when the index is built. Leaving more free
space on the index pages will result in fewer page splits. This will reduce the need to
reorganize the table in order to regain sequential index pages which increases
prefetching. And prefetching is one important component that may improve
performance. Again, if there are always high key values, then you will want to consider
lowering the value of the PCTFREE clause of the CREATE INDEX statement. In this
way there will be limited wasted space reserved on each index page.

In multiple partition databases, unique indexes must be defined as supersets of the
partitioning key.
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If you have a replicated summary table, its base table (or tables) must have a unique
index, and the index key columns must be used in the query that defines the replicated
summary table. For more information, see “Replicated Summary Tables” on page 42.

For intra-partition parallelism, index create performance is improved by using multiple
processors for the scanning and sorting of data that is performed during index creation.
The use of multiple processors is enabled by setting intra_parallel to YES(1) or
ANY(-1). The number of processors used during index create is determined by the
system and is not affected by the configuration parameters dft_degree or
max_querydegree, by the application runtime degree, or by the SQL statement
compilation degree. If the database configuration parameter index sort is NO, then
index create will not use multiple processors.

Before Altering a Database

Some time after a database design has been implemented, you may be considering a
change to the database design. As a result, you should reconsider the major design
issues that you had with the previous design. You should consider the following:

e Changing Logical and Physical Design Characteristics

e Changing Environment Variables and the Profile Registry Variables
e Changing the Node Configuration File

e Changing the Database Configuration

Changing Logical and Physical Design Characteristics
Before you make changes affecting the entire database, you should review all the
logical and physical design decisions. For example, when altering a table space, you
should review your design decision regarding the use of SMS or DMS storage types.
(See “Designing and Choosing Table Spaces” on page 43.)

Changing Environment Variables and the Profile Registry Variables
You must consider which environment variables (if any) need to be changed on your
particular operating system. If any environment variables are changed, you need to
restart the system for the new environment variables to take effect. Review whether you
should reset the profile registry variables in the Global Profile registry before altering
your database. You can then reset the profile registry variables to those that are best
suited to the new database environment. If only profile registry variables have been
changed, the system does not need to be restarted.

Changing the Node Configuration File
If you are planning changes to any nodegroups (both adding or deleting nodes, or
moving existing nodes), you should see Chapter 17, “Scaling Your Configuration” on
page 571 for details on what should be done.

124  Administration Guide



Changing the Database Configuration

If you are planning changes to the database, you should review the values for the
configuration parameters. Some of the values can be adjusted from time-to-time as part
of the ongoing changes made to the database based on how it is used.

To change the database configuration on the Windows NT and OS/2 platforms, use the
Performance Configuration SmartGuide. This SmartGuide helps you tune performance
and balance memory requirements for a single database per instance by suggesting
which configuration parameters to modify and providing suggested values for them. To
use this SmartGuide:

1. From the Control Center, click with mouse button 2 on the database for which you
want to configure performance.

2. Select Configure Performance from the pop-up menu. The Performance
Configuration SmartGuide opens.

3. Follow the steps in the SmartGuide and answer the questions it asks. (See the
Administration Getting Started for a list of these questions.)

4. Note that if you select to update the parameters, they are not updated until:

¢ [For database parameters, the first new connection to the database after all
applications were disconnected.

e For database manager parameters, the next time you stop and start the
instance.

In most cases the values recommended by the Performance Configuration SmartGuide
will provide better performance than the default values, because they are based on
information about your workload and you own particular server. However, note that the
values are designed to improve the performance of, though not necessarily optimize,
your database system. They should be thought of as a starting point on which you can
make further adjustments to obtain optimized performance.

For details on how to refine your system by benchmarking, and to configure your
system, see Chapter 19, “Benchmark Testing” on page 585 and Chapter 20,
“Configuring DB2” on page 597.

For multiple partitions:  When you have a database that is partitioned across more
than one partition, the configuration file should be the same on all database partitions.
Consistency is required since the SQL compiler compiles distributed SQL statements
based on information in the local node configuration file and creates an access plan to
satisfy the needs of the SQL statement. Maintaining different configuration files on
database partitions could lead to different access plans, depending on which database
partition the statement is prepared. Use db2_all to create the same configuration file on
all database partitions.
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Altering a Database

There are nearly as many tasks when altering databases as there are in the creation of
databases. These tasks update or drop aspects of the database previously created.
The tasks include:

e Dropping a Database

e Altering a Nodegroup

e Altering a Table Space

e Dropping a Schema

e Altering a Table

e Dropping a Trigger

e Dropping a User-Defined Function (UDF)
e Dropping a User-Defined Type (UDT)

e Altering or Dropping a View

e Dropping an Index

e Dropping a Summary Table

e Statement Dependencies When Changing Objects.

Dropping a Database
Although some of the objects in a database can be altered, the database itself cannot
be altered: it must be dropped and re-created. Dropping a database can have
far-reaching effects, because this action deletes all its objects, containers, and
associated files. The dropped database is uncataloged in the database directories.

The following command deletes the database SAMPLE:
DROP DATABASE SAMPLE

Note: If you intend to continue experimenting with the SAMPLE database, you should
not drop it. If you have dropped the SAMPLE database, and find that you need
it again, you can re-create it.

Altering a Nodegroup
To add or drop database partitions from a nodegroup, you can use the ALTER
NODEGROUP statement. When adding database partitions, the partitions must already
be defined in the node configuration file. Refer to the SQL Reference for details on this
statement.

To add a new node to the db2nodes.cfg file, use the START DATABASE MANAGER
command or dbstart. The db2nodes.cfg file is not updated with the new node until a
db2stop followed by a db2start. Refer to the Command Reference for details on this
statement.

Once you add or drop nodes, you must redistribute the current data across the new
set of nodes in the nodegroup. To do this, use the REDISTRIBUTE NODEGROUP
command. For information, see Chapter 18, “Redistributing Data Across Database
Partitions” on page 579 and the Command Reference.
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Altering a Table Space
When you create a database, you create at least three table spaces: one catalog table
space (SYSCATSPACE); one user table space (default name is USERSPACEL1); and
one temporary table space (whose default name is TEMPSPACEL). You must keep at
least one of each of these table spaces, And can add additional user and temporary
table spaces if you wish.

Note: You cannot drop the catalog table space SYSCATSPACE, and there must
always be at least one temporary table space. You also cannot change the
page size.

This section discusses how to change table spaces as follows:

e “Adding a Container to a DMS Table Space”
e “Dropping a User Table Space”
e “Altering the Temporary Table Space” on page 128

Adding a Container to a DMS Table Space

You can increase the size of a DMS table space (that is, one created with the
MANAGED BY DATABASE clause) by adding one or more containers to the table
space.

The following example illustrates how to add two new device containers (each with
40000 pages) to a table space on a UNIX-based system:
ALTER TABLESPACE RESOURCE

ADD (DEVICE '/dev/rhd9' 10000,
DEVICE '/dev/rhd10' 10000)

The contents of the table space are re-balanced across all containers. Access to the
table space is not restricted during the re-balancing. If you need to add more than one
container, you should add them at the same time.

Note that the ALTER TABLESPACE statement allows you to change other properties of
the table space that can affect performance. For more information, see “Table Space
Impact on Query Optimization” on page 426.

Dropping a User Table Space

When you drop a user table space, you delete all the data in that table space, free the
containers, remove the catalog entries, and all objects defined in the table space are
either dropped or marked as invalid.

You cannot drop a table space if a table stores at least one of its parts in it and one or
more of its parts in another table space. The table must be dropped first.

The following SQL statement drops the table space ACCOUNTING:
DROP TABLESPACE ACCOUNTING

For information on SQL statements, see the SQL Reference.
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You can reuse the containers in an empty table space by dropping the table space, but
you must COMMIT the DROP TABLESPACE command, or have had AUTOCOMMIT
on, before attempting to reuse the containers.

Altering the Temporary Table Space

You cannot drop the temporary table space, because the database must always have
at least one temporary table space. If you wish to change the specifications of this table
space, you must add a new temporary table space first and then drop the old
temporary table space.

The following SQL statement creates a new temporary table space called
TEMPSPACE2:

CREATE TEMPORARY TABLESPACE TEMPSPACE2
MANAGED BY SYSTEM USING ('d')

Once TEMPSPACE?2? is created, you can then drop the original temporary table space
TEMPSPACEL1 with the command:

DROP TABLESPACE TEMPSPACE1

You can reuse the containers in an empty table space by dropping the table space, but
you must COMMIT the DROP TABLESPACE command, or have had AUTOCOMMIT
on, before attempting to reuse the containers.

Dropping a Schema
Before dropping a schema, all objects that were in that schema must be dropped
themselves or moved to another schema. The schema name must be in the catalog
when attempting the DROP statement; otherwise an error is returned. In the following
example, the schema "joeschma" is dropped:

DROP SCHEMA joeschma RESTRICT

Altering a Table
You should perform one or more of the following tasks when you modify a table as a
result of a table design. These tasks include:

¢ Adding Columns to an Existing Table

e Altering a Column

¢ Altering a Constraint

e Adding a Constraint

¢ Dropping a Constraint

e Renaming an Existing Table

e Altering a User-Defined Structured Type
e Updating Rows of Typed Table

e Dropping a Table

e Changing Partitioning Keys

e Changing Table Attributes

¢ Refreshing the Data in a Summary Table.
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Note that you cannot alter triggers for tables; you must drop any trigger that is no
longer appropriate (see “Dropping a Trigger” on page 136), and add its replacement
(see “Creating a Trigger” on page 109).

Adding Columns to an Existing Table

When a new column is added to an existing table, only the table description in the
system catalog is modified, so access time to the table is not affected immediately.
Existing records are not physically altered until they are modified using an UPDATE
statement. When retrieving an existing row from the table, a null or default value is
provided for the new column, depending on how the new column was defined. Columns
that are added after a table is created cannot be defined as NOT NULL: they must be
defined as either NOT NULL WITH DEFAULT or as nullable.

Columns can be added with an SQL statement. The following statement uses the
ALTER TABLE statement to add three columns to the EMPLOYEE table:

ALTER TABLE EMPLOYEE
ADD MIDINIT CHAR(1)  NOT NULL WITH DEFAULT
ADD HIREDATE DATE
ADD WORKDEPT CHAR(3)

A column definition includes a column name, data type, and any necessary constraints.
In addition to adding columns to a table, the ALTER TABLE statement can be used to
add or drop a primary or foreign key and to add or drop a table check constraint
definition. For more information about the ALTER TABLE statement, see the SQL
Reference manual.

Altering a Column

You can alter the characteristics of a column by increasing the length of an existing
VARCHAR column. The number of characters may now increase up to 4000. For
example:

ALTER TABLE ALTER COLUMN
COLNAM1 SET DATA TYPE VARCHAR(4000)

You cannot alter the column of a typed table. However, you can add a scope to an
existing reference type column that does not already have a scope defined. For
example:

ALTER TABLE ALTER COLUMN
COLNAMT1 ADD SCOPE TYPTAB1

For more information about the ALTER TABLE statement, see the SQL Reference
manual.

Altering a Constraint
You can only alter constraints by dropping them and then adding new ones to take their
place. For more information, see:

e “Adding a Constraint” on page 130
e “Dropping a Constraint” on page 131
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For more information on constraints, see “Defining Constraints” on page 98.

Adding a Constraint
You add constraints with the ALTER TABLE statement. For more information on this
statement, including its syntax, see the SQL Reference manual.

For more information on constraints, see “Defining Constraints” on page 98.

Adding a Unique Constraint: Unique constraints can be added to an existing table.
The constraint name cannot be the same as any other constraint specified within the
ALTER TABLE statement, and must be unique within the table (this includes the names
of any referential integrity constraints that are defined). Existing data is checked against
the new condition before the statement succeeds.

The following SQL statement adds a unique constraint to the EMPLOYEE table that
represents a new way to uniquely identify employees in the table:

ALTER TABLE EMPLOYEE
ADD CONSTRAINT NEWID UNIQUE(EMPNO,HIREDATE)

Adding Primary and Foreign Keys: The following examples show the ALTER TABLE
statement to add primary keys and foreign keys to a table:

ALTER TABLE PROJECT
ADD CONSTRAINT PROJECT KEY
PRIMARY KEY (PROJNO)
ALTER TABLE EMP_ACT
ADD CONSTRAINT ACTIVITY KEY
PRIMARY KEY (EMPNO, PROJNO, ACTNO)
ADD CONSTRAINT ACT_EMP_REF
FOREIGN KEY (EMPNO)
REFERENCES EMPLOYEE
ON DELETE RESTRICT
ADD CONSTRAINT ACT_PROJ_REF
FOREIGN KEY (PROJNO)
REFERENCES PROJECT
ON DELETE CASCADE

To add constraints to a large table, it is more efficient to put the table into the check
pending state, add the constraints, and then check the table for a consolidated list of
violating rows. Use the SET CONSTRAINTS statement to explicitly set the check
pending state: if the table is a parent table, check pending is implicitly set for all
dependent and descendent tables.

When a foreign key is added to a table, packages and cached dynamic SQL
containing the following statements may be marked as invalid:

e Statements that insert or update the table containing the foreign key
e Statements that update or delete the parent table.

See “Statement Dependencies When Changing Objects” on page 139 for information.
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Adding a Table Check Constraint: Check constraints can be added to an existing
table with the ALTER TABLE statement. The constraint name cannot be the same as
any other constraint specified within an ALTER TABLE statement, and must be unique
within the table (this includes the names of any referential integrity constraints that are
defined). Existing data is checked against the new condition before the statement
succeeds.

The following SQL statement adds a constraint to the EMPLOYEE table that the salary
plus commission of each employee must be more than $25,000:

ALTER TABLE EMPLOYEE
ADD CONSTRAINT REVENUE CHECK (SALARY + COMM > 25000)

To add constraints to a large table, it is more efficient to put the table into the
check-pending state, add the constraints, and then check the table for a consolidated
list of violating rows. Use the SET CONSTRAINTS statement to explicitly set the
check-pending state: if the table is a parent table, check pending is implicitly set for all
dependent and descendent tables.

When a table check constraint is added, packages and cached dynamic SQL that insert
or update the table may be marked as invalid. See “Statement Dependencies When
Changing Objects” on page 139 for more information.

Dropping a Constraint
You drop constraints with the ALTER TABLE statement. For more information on this
statement, including its syntax, see the SQL Reference manual.

For more information on constraints, see “Defining Constraints” on page 98.

Dropping a Unique Constraint: You can explicitly drop a unique constraint using the
ALTER TABLE statement. The name of all unique constraints on a table can be found
in the SYSCAT.INDEXES system catalog view.

The following SQL statement drops the unique constraint NEWID from the EMPLOYEE
table:

ALTER TABLE EMPLOYEE
DROP UNIQUE NEWID

Dropping this unique constraint invalidates any packages or cached dynamic SQL that
used the constraint.

Dropping Primary and Foreign Keys: The following examples use the DROP

PRIMARY KEY and DROP FOREIGN KEY clauses in the ALTER TABLE statement to
drop primary keys and foreign keys on a table:
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ALTER TABLE EMP_ACT
DROP PRIMARY KEY
DROP FOREIGN KEY ACT_EMP_REF
DROP FOREIGN KEY ACT_PROJ_REF
ALTER TABLE PROJECT
DROP PRIMARY KEY

For information about the ALTER TABLE statement, see the SQL Reference manual.

When a foreign key constraint is dropped, packages or cached dynamic SQL
statements containing the following may be marked as invalid:

e Statements that insert or update the table containing the foreign key
e Statements that update or delete the parent table.

See “Statement Dependencies When Changing Objects” on page 139 for more
information.

Dropping a Table Check Constraint: You can explicitly drop or change a table check
constraint using the ALTER TABLE statement, or implicitly drop it as the result of a
DROP TABLE statement. The name of all check constraints on a table can be found in
the SYSCAT.CHECKS catalog view.

The following SQL statement drops the table check constraint REVENUE from the
EMPLOYEE table:

ALTER TABLE EMPLOYEE
DROP CHECK REVENUE

When you drop a table check constraint, all packages and cached dynamic SQL
statements with INSERT or UPDATE dependencies on the table are invalidated. (See
“Statement Dependencies When Changing Objects” on page 139 for more information.)
To drop a table check constraint with a system-generated name, look for the name in
the SYSCAT.CHECKS catalog view.

Renaming an Existing Table
You can give an existing table a new name within a schema and maintain the
authorizations and indexes that were created on the original table.

The existing table to be renamed can be an alias identifying a table. The existing table
to be renamed must not be the name of a catalog table, a summary table, a typed
table, or an object of other than table or alias.

The existing table cannot be referenced in any of the following:

e Views

e Triggers

* Referential constraints

e Summary table

e The scope of an existing reference column.
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Also, there must be no check constraints within the table. Any packages or cached
dynamic SQL statements dependent on the original table are invalidated. Finally, any
aliases referring to the original table are not modified.

You should consider checking the appropriate system catalog tables to ensure that the
table being renamed is not affected by any of these restrictions.

The SQL statement below renames the EMPLOYEE table within the COMPANY
schema to EMPL:

RENAME TABLE COMPANY.EMPLOYEE TO EMPL

Packages must be re-bound if they refer to a table that has just been renamed. The
packages can be implicitly re-bound if:

¢ Another table is renamed using the original name of the table, or
e An alias or view is created using the original name of the table.

One of these two choices must be completed before any implicit or explicit re-binding is
attempted. If neither choice is made, any re-bind will fail.

For more information about the RENAME TABLE statement, see the SQL Reference
manual.

Altering a User-Defined Structured Type
After the original creation of a structured type, you may need to alter or delete a
structured type. These actions are presented below.

Altering a Structured Type:  After creating a structured type, you may find that you
need to add or drop attributes associated with that structured type. This is done using
the ALTER TYPE (Structured) statement.

For example, you may find you need to add an attribute to an existing row type:
ALTER TYPE Employee_t ADD ATTRIBUTE DeptNum INT;

This example adds a new attribute, DeptNum, to the Employee_t structured type. Note
that ALTER TYPE is only permitted on structured types that are not currently in use as
the type of an existing table or subtable.

In a similar way, you might also consider altering a typed table. However, such a
change can only involve modifying the scope of a referenced type column. Also, when
altering the characteristics of a column in a table, scope can only be added to an
existing reference type column that does not already have a scope defined.

See SQL Reference for more information on the ALTER TYPE(Structured) ALTER
TABLE, and ALTER VIEW statements.

Deleting Rows for Typed Tables: Rows can be deleted from typed tables using

either searched or positioned DELETE statements. In addition, since a typed table may
have subtables, the ONLY option may be used in the FROM clause if it is desirable to
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avoid having subtable rows affected by the delete operation. This is applicable to both
typed tables and typed views.

See SQL Reference for more information on the DELETE statement.

Updating Rows of Typed Table

Rows can be updated in typed tables using either searched or positioned UPDATE
statements. In addition, since a typed table may have subtables, the ONLY option may
be used in the FROM clause if it is desirable to avoid having subtable rows affected by
the update operation. This is applicable to both typed tables and typed views.

See SQL Reference for more information on the UPDATE statement.

Dropping a Table
A table can be dropped with a DROP TABLE SQL statement. The following statement
drops the table called EMPLOYEE:

DROP TABLE EMPLOYEE

Note: When dropping typed tables, all subtables must be dropped before a supertable
can be dropped.

When a table is dropped, the row in the SYSCAT.TABLES catalog that contains
information about that table is dropped, and any other objects that depend on the table
are affected. For example:

¢ All column names are dropped.

¢ Indexes created on any columns of the table are dropped.

¢ All views based on the table are marked inoperative. (See “Recovering Inoperative
Views” on page 137 for more information.)

e All privileges on the dropped table and dependent views are implicitly revoked.

e All referential constraints in which the table is a parent or dependent are dropped.

e All packages and cached dynamic SQL statements dependent on the dropped
table are marked invalid, and remain so until the dependent objects are re-created.
This includes packages dependent on any supertable above the subtable in the
hierarchy that is being dropped. (See “Statement Dependencies When Changing
Objects” on page 139 for more information.)

e Any reference columns for which the dropped table is defined as the scope of the
reference become “unscoped.”

¢ An alias definition on the table is not affected, because an alias can be undefined

e All triggers dependent on the dropped table are marked inoperative.

e All files that are linked through any DATALINK columns are unlinked. The unlink
operation is performed asynchronously which means the files may not be
immediately available for other operations.

Refer to the SQL Reference for more information on the DROP statement.

Changing Partitioning Keys
You can only change a partitioning key on tables in single-partition nodegroups. This is
done by first dropping the existing partitioning key and then creating another.
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The following SQL statement drops the partitioning key MIX_INT from the MIXREC
table:

ALTER TABLE MIXREC
DROP PARTITIONING KEY MIX_INT

For more information, see the ALTER TABLE statement in the SQL Reference manual.

You cannot change the partitioning key of a table in a multiple database partition
nodegroup. If you try to drop it, an error is returned.

The only methods to change the partitioning key of multiple database partition
nodegroups are either:

e Export all of the data to a single-partition nodegroup and then follow the above
instructions.

e Export all of the data, drop the table, redefine the partitioning key, and then import
all of the data.

Neither of these methods are practical for large databases; it is therefore essential that
you define the appropriate partitioning key before implementing the design of large
databases.

Changing Table Attributes

You may have reason to change table attributes such as the data capture option, the
percentage of free space on each page (PCTFREE), the lock size, or the append
mode.

The amount of free space to be left on each page of a table is specified through
PCTFREE, and is an important consideration for the effective use of clustering indexes.
The amount to specify depends on the nature of the existing data and expected future
data. PCTFREE is respected by LOAD and REORG but is ignored by insert, update
and import activities.

Setting PCTFREE to a larger value will maintain clustering for a longer period, but will
also require more disk space.

You can specify the size (granularity) of locks used when the table is accessed by
using the LOCKSIZE parameter. By default, when the table is created row level locks
are defined. Use of table level locks may improve the performance of queries by limiting
the number of locks that need to be acquired and released.

By specifying APPEND ON, you can improve the overall performance. It allows for
faster insertions, while el