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IBM DB2 Universal Database V8 offers breakthrough availability, manageability, performance, and scalability. Now,
straight from IBM, there's a start-to-finish guide to DB2 Universal Database V8 administration and development for
UNIX, Linux, and Windows.

This definitive reference covers every aspect of deploying and managing DB2 Universal Database V8, including database
design for optimal performance, availability, and recoverability; day-to-day administration and backup; comparing,
selecting, and using appropriate DB2 programming techniques; deploying networked and Internet-centered database
applications; migrating to DB2 UDB from other databases or earlier versions of DB2; and much more.

Using real-world examples, this book shows how to take full advantage of DB2 V8's most powerful enhancements. Philip
K. Gunning brings together IBM's best tips and techniques for saving time and money in every facet of database design,
development, deployment, and administration.

Coverage includes:

® | everaging DB2 V8's new Wizards, Advisors, and other automation/self-management features
® Using the enhanced DB2 XML Extender to build next-generation B2B applications
® Quickly creating Stored Procedures and UDFs with the new Development Center

® Exploiting multidimensional clustering, prefetching, materialized query tables, Java threading, and other
performance improvements

® Using the DB2 improved monitoring and logging facilities
® Maximizing availability via online table and index reorganization and dynamic configuration

® Understanding the latest changes in the DB2 product family
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Foreword

In 2003 DB2 celebrated its 20th anniversary, which is significant in this day and age of disposable, ever-changing
software. But what exactly does this mean? The term "DB2" has meant a lot of things over the course of its 20-year
history. Way back in the dark ages of DB2 version 1, back in 1983, DB2 very clearly meant "IBM's mainframe database
management system."

But times change, and so has DB2. There are five platform (or operating system) choices for DB2: mainframe,
Linux/UNIX/Windows, AS/400 (iSeries), VSE/VM, and PDA (Palm/PocketPC). My background is primarily from working
on the mainframe edition of DB2, but I have had the opportunity to use DB2 UDB on Linux, UNIX, and Windows, too.
And there is a lot to learn—even for veterans of DB2 on other platforms.

Whether you are a DBA or an application programmer using DB2 UDB for Linux, UNIX, and Windows, this book will
provide you with much valuable information. It offers a treasure trove of information. From logical and physical
database design to high performance I/O strategies to database system tuning to running DB2 utilities, Phil offers
practical and useful advice to simplify your DB2 UDB experience.

I think my favorite chapter is Chapter 11 where Phil takes you on a guided tour through the mine-fields of identifying
and correcting DB2 problems. The diagnostic tools and tips he covers in this chapter are essential knowledge for anyone
who uses DB2 regularly. I mean, how many of you can relate to getting that strange problem that just won't go away—
and the manuals aren't any help? Well, now you'll have a place to turn.

But really, this whole book is valuable. Phil Gunning has written this comprehensive new book to offer you the benefit of
his hard-won "in the trenches" knowledge of DB2 UDB. You really need to own this book so you can take advantage of
learning from the battles Phil has fought over the years because few can approach Phil's years of hands-on experience.
Between these pages you will find exhaustive coverage of just about everything you'll need to know as you design,
build, and manage your DB2 UDB applications on Linux, UNIX, and Windows platforms.

Importantly, this is not a book for pure novices. Phil assumes that you've had some exposure to relational databases,
so he doesn't waste any time teaching the syntax basics that most people already know. And I also have to note that
you will enjoy Phil's writing style. Sometimes when I read software books and manuals I get lost in the arcane and
convoluted writing style frequently employed by technicians. You know what I'm talking about—when you're sure the
information is there but it just doesn't seem like English anymore. Well, you won't have that problem here. This book is
well written and in a style that is easy to read and understand.

I am pleased that Phil asked me to write the foreword for this great new book. I enjoyed reading it, and I am sure you
will enjoy reading it too.

—Craig S. Mullins

Director, Technology Planning
BMC Software

June 2003
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Preface

I wrote this book to provide you with the necessary knowledge with which to accomplish business objectives with DB2
UDB v8.1 for Windows, UNIX, and Linux. After all, as a developer or DBA, your primary mission is to accomplish
business objectives by providing a database environment that provides the requisite performance, availability, and
scalability required in today's demanding 24 x 7 highly competitive business environment.

To that end, I have focused this book on key areas of DB2 UDB v8.1 that will enable you to meet those objectives.
Some of the features covered are: the new Development Center, multidimensional clustering, online reorganization and
online load, Type-2 indexes, tablespace enhancements, block-based bufferpools, tuning bufferpools, new commands
and utility options, dynamic configuration parameters, autonomic computing features, write-to-table event monitors,
SQL snapshot functions, QUIESCE command, and the database partitioning feature with new partitioning terminology
updates. And, almost all new DB2 UDB v8.1 features and enhancements are covered in this book. Also, I have included
a chapter on logical and physical design to help you in designing top performing databases.

In the following chapters, I will show you how to design, maintain, monitor, and tune high performing DB2 UDB v8.1
databases.

If, after you read this book, I have helped you do that, then I have accomplished my mission.
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Chapter 1. What's New

DB2 Universal Database (UDB) version 8 for Linux, UNIX, and Windows is packed with new features that provide for
unprecedented performance, manageability, and availability. The new version incorporates a host of features requested
by DB2 customers, from the ability to start DB2 in single-user mode to the new infinite logging capability.

As a participant of the closed BETA program and the open BETA test program, I was able to test and evaluate many of
the new features in DB2 v8 that I am writing about. I hope that you find the multitude of features and enhancements
as exciting as I do!

DB2 v8 is the culmination of several years of research by IBM Labs. DB2 v8 incorporates technology developed as part
of the LEO (Learning Optimizer) project, SMART (Self Management and Resource Tuning) project, and the eliza project,
which is increasing the reliability and availability of IBM servers.

Current and future business practices demand that data be available 24 hours a day, 365 days a year. DB2 v8, through
its many enhancements in the areas of maintainability and availability, meets or exceeds these demanding
requirements through its new online reorganization capability, infinite logging capability, online index reorganization
capability, and online load capability, to name a few.

Self-management enhancements are evident throughout the product. Autonomic computing enhancements have been
made in the area of new and improved Wizards, Advisors, and a complete suite of database management tools. These
enhancements are in response to the ever-increasing business requirement to do more with less in an environment
where highly skilled DBAs are hard to come by. Self-management will help companies meet the ever-demanding day-
to-day business challenges, now and for the forseeable future.

DB2 v8 takes the already existing XML support to new levels. The XML Extender has been enhanced to support Web
services with the Web services Object Runtime Framework (WORF), which is a set of tools for implementing Web
services with DB2. Web services are XML-based functions that can be started from the Internet and enable DB2 to be
the platform of choice for companies conducting B2B Web transactions. The v8 XML Extender also lets users send or
retrieve XML documents from MQSeries™ message queues. These enhancements make it easy for developers to work
with XML documents.

DB2 v8, through the new Development Center, offers tight integration with Microsoft C++, Visual Basic, and Visual
InterDev, making it easy for developers to develop and incorporate stored procedures and user-defined functions into
the development environment.

The DB2 v8 Universal Developer's Edition incorporates WebSphere Studio and WebSphere Application Server.
WebSphere Studio makes it easy for developers to create, publish, and maintain dynamic Web applications. And with
WebSphere Application Server, developers can create enterprise Java applications that access DB2 databases.

There are many performance improvements in DB2 v8. Multidimensional clustering (MDC) enables indexes to be
automatically created on multiple dimensions. This is especially useful for data warehousing and business intelligence
environments where data is frequently analyzed over multiple dimensions. The optimizer can use these new dimension
indexes for fast data access. Because MDC indexes guarantee 100% clustering, they never have to be reorganized. New
block-based bufferpools improve prefetch performance as blocks of noncontiguous pages can now be fetched into
blocks of contiguous memory.

The new compression of nulls and defaults enhancement will benefit companies with data warehouses and large
databases. This new feature can be enabled with the VALUE COMPRESSION and COMPRESS SYSTEM DEFAULT clause of the
Create Table statement. This enhancement can reduce disk storage requirements and can increase the performance of
large table scans. Once enabled, a new data row format will be used, which provides efficient storage of null and 0
length values. By enabling this new feature, significant disk space can be saved. Note that only system default values
are compressed, not user defined.
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Product Changes

Along with feature changes, v8 introduces several changes in product names and characteristics. IBM combined the
former Enterprise Edition and Enterprise-Extended Edition into DB2 UDB Enterprise Server Edition (ESE). The base ESE
product lets you create multiple database partitions on a single SMP server. If you want to create multiple database
partitions in a clustered environment, then you need to order the Database Partitioning Licensing Feature (DPF).
Product changes are covered in more detail in Chapter 2.
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Manageability Enhancements

SMART technology appears in v8 in the form of new wizards and tools that greatly simplify DB2 maintainability and
operability. Examples include the following:

Load Enhancements

Online Load enables load operations to take place at the table level, allowing concurrent access to other tables in a
multiple-table table space. This change particularly benefits ERP and CRM applications, which often have many tables
per table space. If you specify the COPY NO option for a recoverable database, the table space will be placed in a backup
pending table space state when the load operation begins. With the READ ACCESS option of the load command,
preexisting data can be queried while new data is being loaded. A new option, LOCK WITH FORCE, lets you force
applications to release locks on a table so that a load operation can proceed.

Autoloader functions have been incorporated into the load utility, and the autoloader control file is no longer needed.

The v8 load utility now generates column values for generated columns and no longer requires the SET INTEGRITY
statement on a table that only has generated columns and no other constraints. The LOAD QUERY command now returns
the status of the target table, in addition to the status information previously included. LOAD QUERY can also query table
states whether or not a load operation is in progress.

Wizards
In addition to the Load Wizard, IBM added eight wizards to DB2 v8. They are:

® Memory Visualizer

® Redistribute Data Wizard

® Backup and Restore Wizard

® Configure Database Logging Wizard
® Add Partition Wizard

® Alter Database Partition Group

® Storage Management View

® Design Advisor (an enhanced form of the previous Index Advisor).

Flush Package Cache

A new FLUSH PACKAGE CACHE SQL statement lets you remove cached dynamic SQL statements by invalidating them.
Queries currently using dynamic SQL statements will continue to use the previously cached statement; however, any
new request for the same statement will be prepared and a new statement entry cached.

Logging Enhancements

DB2 v8 supports dual logging on all 8.1 platforms, which means you can now specify the logpath through the
MIRRORLOGPATH DB CFG parameter. This new parameter replaces the previous registry variable DB2NEWLOGPATH2.

The maximum amount of log space increases to 256 GB from 32 GB. Infinite logging allows a current unit of work to
span across active and archive logs. Previously, log records for a unit of work had to fit into the primary and secondary
log space. This change will accommodate large units of work that require more log space than that allocated for the
primary and secondary logs. The BLK_ON_LOG_DISK_FUL registry variable has been replaced with the new database
configuration parameter BLK_LOG_DSK_FUL, which tells DB2 not to fail on a log full condition. Instead, DB2 will retry the
write to the log every 5 minutes, giving you time to resolve the disk full condition.

Backup and Recovery Enhancements
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A new tablespace history file identifies log files needed for a particular table space recovery. Log files that aren't needed
are skipped, resulting in faster tablespace recovery.

You no longer have to specify Coordinated Universal Time (CUT) for rolling forward to a point-in-time. Instead, you can
now specify local time. This improvement eliminates the confusion that can result when converting local time to CUT
time.

The DB2DIAG.LOG has been split into two files. The Administration Notification Log will contain messages for use by
DBAs and systems administrators. Additional information will supplement SQLCODE error information. The level of
information is controlled by the new NOTIFYLEVEL database configuration parameter. Detailed diagnostic information will
still be written to the DB2DIAG.LOG file. The DIAGLEVEL configuration parameter will still control the level of information
(primarily for DB2 Support) written to that file.

New Database Maintenance Mode

This new feature is akin to the ACCESS(MAINT) command available for some time on DB2 for z/OS and 0S/390. You
can use the DB2 v8 QUIESCE command to force all users off an instance or database and place them in quiesced mode
so maintenance can be performed. This feature solves the problem of application servers or transaction monitors
immediately reconnecting to the database after a FORCE APPLICATIONS ALL command has been issued. The UNQUIESCE
command takes the database or instance out of maintenance mode so users can connect to the database without
requiring a shutdown and restart.

reorGcHK Enhancements

REORGCHK now includes an ON SCHEMA option to specify a particular schema.

runsTATs Enhancements

RUNSTATS can now collect statistics on column combinations, on prefetching on a table, and on index and index-to-table
relationships. RUNSTATS can now also accept lists of indexes and columns on which statistics are to be collected. Refer
to Chapter 11, "Problem Determination," and Chapter 7, "Commands and Utilities," for detailed information.

Management by Exception Monitoring

The new Health Monitor is a server-side tool that can raise alerts when predefined thresholds are exceeded or when it
detects that an instance is down. Based on the alert generated, the Health Monitor can send an email or issue a page to
a predefined email or pager address, trigger a script, or run a task through the new Task Center.

Health indicators are used by the Health Monitor to evaluate specific aspects of database manager or database
performance. Refer to the System Monitor Guide and Reference for additional details on Health indicators. The Health
Monitor checks the state of the system against these health indicators when determining when to issue an alert. Health
Beacons are located on all Control Center windows. You simply click on a Beacon to access the Health Center, a GUI for
configuring and interfacing with the Health Monitor.

Event Monitor and Snapshot Enhancements

Event monitors can be created that write to tables instead of files or pipes. This enhancement will make it easier for
DBAs to correlate event monitor data. You can write customized queries to query tables containing event monitor data
and produce reports for your items of interest. In conjunction with this, snapshots can now be taken via SQL table
functions, the output of which can be joined to other tables or written to a file, whereas previously they could only be
embedded in programs that used the Administrative API. This will make it easier for you to take and correlate snapshot
data. Monitoring is covered in detail in Chapter 10.
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Performance Enhancements

Many performance enhancements have been incorporated into v8 that will enable companies to meet the ever-
increasing business requirements demanded of companies in a 24 x 7 x 365 environment. DBAs and developers alike
will be able to take advantage of these performance enhancements by incorporating these enhancements into new and
existing applications and databases.

Performance enhancements are highlighted and covered in detail throughout the book. Some of the most important
performance enhancements are:

Multidimensional Clustering (MDC)

MDC is new clustering technology that provides a method for automatic, continuous clustering of data along multiple
dimensions. And MDC tables don't require database maintenance operations such as reorganization. MDC primarily
benefits data warehousing type queries and large database environments; however, it can also be useful for transaction
processing. MDC is covered in detail in Chapter 5.

Prefetching Enhancements

You can now use block-based bufferpools to improve prefetch performance. The BLOCKSIZE parameter of the CREATE or
ALTER BUFFERPOOL statement is used to define the size of the blocks and number of pages to be read from disk in a
single I/0. When a block-based bufferpool is defined, DB2 will recognize this and may use block I/Os to read multiple
pages into the bufferpool in a single I/0. This enhancement will benefit data warehouse and large database
environments where significant prefetching is used.

Catalog and Authorization Caching

For databases with multiple partitions, an extension of catalog cache will be provided at each partition. Cached
information will include SYSTABLE and authorization information. For applications with multiple coordinator partitions,
this feature will improve performance significantly, as the local cache will service trips to the catalog partition.

Asynchronous I/0 Enhancements

Version 8 exploits AIX asynchronous page cleaning performance. Because asynchronous I/0 isn't always enabled on
AIX, it must be enabled before v8 installation. Two AIX asynchronous I/O parameters that you can tune are minservers
and maxservers. Configure these parameters using SMIT. Refer to the AIX Performance Guide for additional
information.

Java SP and UDF Performance Enhancements

Java routines are now implemented using a thread-based model, which results in significant performance improvement
for multiple routines executing simultaneously. Thread-based models, or lightweight threads, share process memory
and control blocks and can block without causing a context switch. Additionally, routines share the Java Virtual Machine
(JVM); previously, a JVM was created for each executing routine.

Connection Concentrator

Connection concentration enables many transient connections, such as Internet connections, to share the same logical
coordinating agent. This results in DB2 being able to accommodate many concurrent users because of the reduced
memory requirements. Previously, DB2 would create a coordinating agent for each connection. With connection
concentration, new connections coming in can use the same logical coordinating agent, which results in less memory
being used as the coordinator agent does not have to be created. This greatly reduces memory requirements for each
connection and improves performance by reducing the number of context switches (context switches require that the
previous execution state and memory structures be saved and restored later, which is a lot of overhead). You can
enable this new feature by setting max_connections greater than the value of max_coordagents.

Common Client Enhancement
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The new DB2 client uses DRDA and replaces the previous private protocol, known as DB2RA. This common client can
connect to all other DB2 databases using the same protocol, eliminating costly data conversion, which had to be
performed in previous releases. The protocol stack has been significantly optimized and offers significant performance
improvements for client applications. Version 8 clients will be able to connect to all other members of the DB2 family
without additional code.

Full 64-bit Support

Version 8 is 64-bit capable. This will allow DB2 to provide the super-scalability needed by demanding business
requirements today, and into the foreseeable future. Full 64-bit capability enables DB2 to make full use of large real
memories, which can be exploited for larger bufferpools, sort memory, and other DB2 memory areas. This capability is
urgently needed by some of the larger DB2 installations and will provide immediate relief to memory-constrained
systems in use today. The common client plays a key role in this regard, as it provides 64-bit capability for client
applications as well as connectivity to 32-bit versions of DB2.

Declared Global Temporary Table (DGTT) Enhancements

Version 8 adds rollback support of data changes to DGTTs. The NOT LOGGED clause, which was mandatory in v7, is now
optional. You can now create an index on a temporary table and RUNSTATS can be run.

Materialized Query Table (MQT)

New in v8, MQTs are tables whose definitions are based on the result of a query that uses precomputed results derived
from tables on which the MQT definition is based. Summary tables, previously known as ASTs, are now a subset of
MQTs in which the AST has a fullselect that contains a GROUP BY clause summarizing data from the tables referenced in
the fullselect.

Queries can now be routed to MQTs whose definitions contain a join that is not aggregated. The optimizer will recognize
that the MQT contains the requested information and will use the MQT instead of the base tables. MQTs can now be
incrementally maintained, resulting in improved performance.

User-Maintained MQTs

IBM recognized the need to provide a mechanism for users to maintain and load tables that contain precomputed data.
The user-maintained MQT is the solution. These MQTs are managed by the user (not the system) and are distinguished
by the MAINTAINED BY USER option of the CREATE SUMMARY TABLE statement. This enhancement makes it easier for
existing Oracle users to migrate to DB2.

Nickname Support

MQTs can now be defined on nicknames, resulting in the remote data being cached on the local DB2 instance. This can

result in huge performance gains for federated queries as the remote data is accessed locally. And, if the remote table

is not available for some reason, DB2 can use the MQT defined on it if it meets all routing criteria, resulting in improved
availability and performance.

Type-2 Indexes

Type-2 indexes improve performance by eliminating most next-key-share locks, as entries are marked "deleted"
instead of physically deleted from the page. Type-2 indexes are required for online load, online reorganization, and
MDC. A table cannot have a mix of type-1 and type-2 indexes. Tables can be migrated to type-2 indexes via index
reorganization. Type-2 indexes let you create an index on a column that is longer than 255 bytes. Type-2 indexes are
covered in more detail in Chapter 5.
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Availability Enhancements

Customers demand access to their accounts anytime, anywhere, from anyplace. Businesses must provide this pervasive
capability or risk losing customers. The availability of DB2 is significantly enhanced in v8 and those demands can be
met. Online table reorganization, as well as online index reorganization, will greatly reduce scheduled and unscheduled
outages. IBM has taken this a step further by providing new capabilities for DB2 to adjust to changing business needs.
DB2 can automatically set and adjust several configuration parameters online, and over 50 configuration parameters
can now be changed online by DBAs. Previously, these changes required an outage and a restart of DB2.

Online Table Reorganization

Online table reorganization offers a significant opportunity for DBAs to improve the availability and performance of
supported databases. No longer will reorganizations have to be scheduled for off-hours or during maintenance windows.
Online reorganization works by reorganizing a table in place for regular tables. There is no requirement for temporary
space. New commands give you the capability to monitor the status of the reorganization.

Online table reorganization allows applications to access the table during the reorganization. Reorganization can also be
paused and resumed later, if needed.

NOTE

Online table reorganization is only allowed on tables with type-2 indexes.

Online Index Reorganization

Online index reorganization allows a table to be read or updated during an index reorganization. During the
reorganization all indexes on the table are rebuilt using a "shadow copy." During the time that the shadow copy is being
made available, no access is allowed to the table. A new REORG INDEXES command has been provided with which to run
online index reorganization. Unlike online table reorganization, online index reorganization is not done in-place and
requires temporary space. The Reorganization Utility is covered in more detail in Chapter 7.

Dynamic Online Configuration Parameters

You can set 50 configuration parameters online without having to stop and restart the instance or database. Parameters
that control key memory areas can be changed dynamically, and the results of these changes monitored using the
Memory Visualizer. Changes can be deferred so that they take effect at the next instance or database start. The GET DB
CFG and GET DBM CFG commands now feature a SHOW DETAILS option that shows the current and deferred parameter
values. A few of these parameters can be set to automatic, and DB2 will adjust the value automatically as the workload
changes. Configuration parameters are covered in detail in Chapter 9.

Online Bufferpool Enhancements

You can now create, drop, or alter bufferpools online as well as defer changes. And if a bufferpool is dropped, DB2 will
immediately make the memory available to the database shared memory so that it can be reused for other memory
allocations.

With these new capabilities, a DBA could create a script that would run after the business day and alter parameters for
nightly batch work or DB2 loads, and then run another script after nightly processing has completed to alter the
parameters back to the day settings. This scenario should sound familiar to experienced DB2 for OS/390 DBAs as it is
quite common on that platform. Detailed information on bufferpools is covered in Chapter 8.

DMS Container Enhancements

You can now drop an existing container, reduce the size, and add new containers to avoid a rebalance. To add
containers to a DMS tablespace to avoid rebalance, use the new BEGIN STRIPE SET option of the ALTER TABLESPACE
command. This forces new containers to be added above the high-water mark. These operations can be performed
online and the new container is immediately available for use.
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Serviceability Enhancements

A new INSPECT command lets you check the architectural integrity of tablespaces and tables online. INSPECT can also be
used to identify the types of indexes on a table. Additionally, the DB2 trace facility has been rearchitected to
significantly reduce overhead so that it can be used to capture important diagnostic information for DB2 Support. A new
command in v8, db2support, can be used by a DBA to provide DB2 Support with a "support bundle" of diagnostic and
problem determination information. This new command makes it a lot easier for DBAs to collect and provide diagnostic
information to DB2 Support.

The Database Analysis and Reporting Tool (DB2DART) is now fully supported in v8. db2dart can be used to diagnose
and repair structural problems with underlying database objects.

Data Warehouse Enhancements

The DB2 Warehouse Manager, once limited to Windows platforms, now supports AIX and Linux. The warehouse server,
logger, initialization, external trigger, and mail notification programs are all available on AIX, and Warehouse Manager
capabilities have been extended to Linux (32-bit Intel) with Linux Kernel level 2.4.7 and glibc 2.2.4.
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Application Development Enhancements

Version 8 tightly integrates application development tools and add-ins into the new Development Center. This results in
improved productivity for application developers and enables Rapid Application Development (RAD). The Development
Center offers a central point from which all application development can be completed. Developers can easily create
applications that use DB2 stored procedures and UDFs. The Development Center fully integrates DB2 Websphere
application development. SQL Assist has been enhanced to include an easy to use interface, assistance with writing
table joins, SQL syntax checking, and the ability to copy and paste SQL statements.

SQL in External UDFs and Methods

External UDFs can now contain read-only SQL statements. Both static and dynamic SQL are supported. The limit of 90
parameters has been removed from PROGRAM TYPE MAIN stored procedures.

caLL Statement

The CALL statement is now fully compiled, which means that it can now be dynamically prepared in command line
interface, open database connectivity, embedded SQL, Java database connectivity, and SQLJ. You should not use host
variables for procedure names when invoking a stored procedure with the CALL statement if you want to use package
cache efficiently and preclude additional compilation and reads to the catalog.

Development Center

The Development Center replaces the Stored Procedure Builder and includes more features and functions. With the
Development Center you can:

® Create, build, and deploy Java and SQL stored procedures

® Create, build, and deploy SQL table and Scalar UDFs and UDFs that read MQ Series messages, access OLE DB
data sources, or extract data from XML documents

® Deploy Stored Procedures using the integrated debugger
® Export and import routines and project information

The Development Center also provides an add-in for each of these development environments:

® Microsoft Visual C++
® Microsoft Visual Basic
® Microsoft Visual InterDev

With these add-ins a developer can pick and choose from a wide variety of development options and easily incorporate
stored procedures and UDFs into a development effort.

You can launch the Development Center as a stand-alone application or from the Control Center, Command Center, or
Task Center.

SQL Enhancements

The new INSTEAD OF trigger provides an extension to the ability to update views. Using an INSTEAD OF trigger, the
update operation against the view gets replaced by the trigger logic, which performs the operation on behalf of the
view.

New Informational Constraints are rules that can be used in query rewrite but are not enforced by the database
manager. You can use Informational Constraints where applications have verified the data and you want to let DB2 use
the constraint for query optimization. New options on the Alter Table statement, ENABLE QUERY OPTIMIZATION or DISABLE
QUERY OPTIMIZATION, instruct DB2 whether or not to use this new capability. Application Development and SQL
enhancements are covered in detail in Chapter 4.
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SUMMARY

DB2 v8 is one of the most complete DB2 releases to date. In fact, it has so many new features and enhancements that
this chapter is just an introduction to some of them. Through Autonomic Computing and the SMART initiative, IBM has
made DB2 v8 very easy to operate and manage. Some configuration parameters can now be automatically configured
by DB2. These changes, along with the new wizards and tools, will help make DBAs more productive. With the new
Development Center, application development has been tightly integrated into DB2 with support for a myriad of
development tools. The availability enhancements—which include infinite logging, online index and table reorganization,
online configuration parameters, and online table load—precisely positions DB2 to be able to handle the tough demands
of today's businesses, and to grow with them into the future. And lastly, v8's full 64-bit capability will enable DB2 to not
only handle today's demands, but handle them well into the future. You'll find lots of information on enhancements and
new features in v8 throughout the book.
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Chapter 2. DB2 v8 Product Overview and
Architecture

With the release of v8, IBM continues to refine and improve the DB2 Architecture. IBM continues to integrate new
patented technology, such as Multidimensional Clustering (MDC), and XML and Web Services into the DB2 engine. (MDC
is covered in detail in Chapter 5.) The DB2 v8 architecture is fully capable of providing complete availability through the
introduction of MDC, online reorganization, infinite logging, dynamic configuration parameters, and online index
reorganization.

DB2 can now be found in small businesses with just a few employees and in Fortune 500 companies running mission-
critical applications. As is typical with any software product, IBM has changed the name of various DB2 product
offerings to be more in keeping with the way they are used and with the value provided to the enterprise. DB2's
penetration of the small business area is a direct result of its low cost of ownership and superior performance. The
integration of Self Management and Resource Tuning (SMART) and autonomic computing will only enhance DB2's ease
of use and growth in both small and large companies alike. The former EE has been merged with EEE and has been
renamed Enterprise Server Edition (ESE). DB2 Satellite Edition has been merged with DB2 Personal Edition. See Figure
2.1 for an overview of ESE capabilities.

Figure 2.1. Enterprise Server Edition.
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Enterprise Server Edition

ESE meets the needs of midsize to large businesses. ESE is the product of choice for data warehousing, e-commerce,
online transaction processing (OLTP), supply chain management (SCM), enterprise resource planning (ERP), and
customer relationship management (CRM) applications. ESE includes the DRDA application server and requestor
functions, which enable connectivity to other products in the DB2 family. With ESE, the capability to create partitioned
databases on SMP servers is included.

Database Partitioning Feature (DPF)

Through the use of DPF you can create multiple partitioned databases over multiple physical machines in a single
system or cluster. This enables companies to scale DB2 as data requirements increase. This is built into ESE and an
uninstall of the code is not required to enable partitioning over multiple physical machines. Simply enable the licensing
feature by purchasing the appropriate entitlement.

NOTE

The former EEE has been merged with EE, which provides partitioned database functionality in the base
ESE products.
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DB2 Workgroup Server Edition (WSE)

WSE was formally known as Workgroup Edition. WSE is for small businesses or departmental requirements. WSE
provides full DB2 functionality at a reduced cost. It can be used on servers with up to four CPUs. See Figure 2.2 for an
overview of WSE.

Figure 2.2. Workgroup Server Edition, Personal Edition (PE), and Enterprise Server
Edition.

Workgroup Server Unlimited Edition (WSUE)

This version of WSE offers a simplified per-processor licensing model. This version offers more attractive licensing costs
for small companies with Internet users or a large number of users.

NOTE

DB2 Satellite Edition has merged with DB2 Personal Edition.
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DB2 Personal Edition (PE)

PE is for single users developing on PCs. Satellite Edition has been merged with PE and PE can serve as a satellite. PE
provides connectivity to ESE and WSE and can be remotely administered. PE can be used for occasionally connected or
remote office implementations that don't require multi-user capability. See Figure 2.2 for an overview of PE.
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DB2 Universal Developers Edition (UDE)

UDE is designed for use by application developers who design, build, and deploy DB2 applications. It includes all DB2
client and server editions as well as DB2 connect, DB2 Extenders, Warehouse Manager, and Intelligent Miner. UDE is
available at low cost to enable application developers to easily develop many types of DB2 applications. It cannot be

used for production systems.
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DB2 Personal Developers Edition (PDE)

PDE enables a developer to design and build single-user desktop applications. PDE is available for Windows and Linux
and includes the DB2 Extenders.
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DB2 Warehouse Manager

Warehouse Manager extends the scalability, manageability, and accessibility of DB2 data warehouses and data marts
built using the Data Warehouse Center. It provides tools for complete management of data warehouses.
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DB2 Intelligent Miner Products

Intelligent Miner products provide a complete set of analysis capabilities that help you make informed business
decisions.
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DB2 Spatial Extender

DB2 Spatial Extender allows you to analyze spatial data. You can store location-based data in DB2 tables and use the
power of SQL for spatial data analysis.
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DB2 Net Search Extender

DB2 Net Search Extender enables an application to include powerful in-memory search capabilities for text-based data.
The integration of these advanced searching capabilities into the database provides the speed and flexibility in text
searching demanded by e-commerce applications.

DB2 v8 is fully 64-bit capable; 64-bit addressing enables the use of large bufferpools, sort heaps, and exploitation of
large main memories. DB2 v8 is capable of scaling with the business demands of today and well into the future. See
Table 2.1 for a list of DB2 64-bit clients, platforms, and products.

Table 2.1. DB2 64-Bit Product Platforms
Linux IA64

64-bit Support AIX PPC
Personal Edition N/A
EE/ESE Yes
Connect Enterprise Yes
App. Dev. Client Yes
Administration Client Yes
Run-time Client Yes
Relational Connect Yes
Datalinks Manager No
Spatial Extender Yes
XML Extender Yes
Warehouse Manager Yes

[*] support to be provided in a planned fix pack.

[ Team LiB ]

Sun
N/A
Yes
Yes
Yes
Yes
Yes
Yes

No

Yes

Yes

Yes

HP
N/A
Yes
Yes
Yes
Yes
Yes
Yes

No

Yes

Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No

Yest*]

Yes

Yes

Windows IA64
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yest™]
Yes

Yes
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New Client

The DB2RA protocol stack has been replaced with a leaner and faster Distributed Relational Database Architecture
(DRDA) protocol stack. DB2 client applications will see significant performance improvements using the new protocol.
The older protocol and drivers had been modified significantly over time as new APIs emerged. Hence, it had become
slow and unwieldy.

NOTE

DRDA is a protocol that has been used for some time to enable clients and servers to communicate with
DB2 on Z/0S either directly or indirectly through a DB2 connect gateway.

The new client will provide for future driver enhancements without major modifications. As such, there are some
restrictions on client communications. This will be covered in more detail in Chapter 4. See Table 2.2 for a list of
restrictions.

Table 2.2. Client Compatibility Matrix

Client UNIX 32-bit UNIX 64-bit Windows 32-bit Windows 64-bit
v7 32-bit Client (Windows) Yes No Yes Yes
v7 32-bit Client (UNIX) Yes No Yes No
v8 New Client Yes Yes Yes Yes

The new v8 client can connect to all versions of new servers. It can also connect to all other members of the DB2 family
without the need for additional code. However, there are restrictions on down-level feature support to v7 databases.
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DB2 Architecture

DB2 uses semaphores and shared memory for interprocess communication. This has enabled DB2 to be the first
Relational Database Management System (RDBMS) to support the new InfiniBand storage architecture.

The DB2 Process Model (Figure 2.3) consists of clients or applications connecting to DB2 databases where a
coordinating agent is assigned to process all requests for a particular application. Subagents can be assigned if using
the ESE Database Partitioning Feature (DPF) or intrapartition parallelism. Bufferpools are used to store frequently
accessed data and I/0 servers process prefetch requests. I/0 cleaners flush dirty pages from the bufferpools to disk.
The logger process records changed information and at the appropriate time writes committed changes to disk in
coordination with the bufferpool manager.

Figure 2.3. Overview of DB2 architecture.

Communication protocols supported are TCP/IP (the most common), NETBIOS, Named Pipes, and APPC. Work in DB2 is
accomplished by Engine Dispatchable Units (EDUs). In UNIX, EDUs are implemented as processes and in Windows,
EDUs are implemented as threads. The ps (process status) command can be used on UNIX to display DB2 processes.
Use the db2_local_ps command to return a list of all DB2 processes to standard output. Operating system processes
will not be shown; only DB2 processes will be shown, which makes it easier to quickly see what DB2 processes are
running. On Windows, DB2 threads can be monitored using the TASK MANAGER. See Table 2.3 for a partial list of DB2
processes on UNIX platforms. (For a detailed list, refer to the "Everything You Wanted to Know About DB2 VDB
Processes," DB2 Developer Domain tech article by Snow and R. Chung).

Table 2.3. DB2 AIX Processes

Process Name Function
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db2agent Coordinator agent

db2agentp Subagent processes

db2pfchr Prefetching

db2pcinr Page cleaning

db2loggr Log reader

db2loggw Log writer

db2logts Tablespace logger

db2glock and db2dlock Global and local deadlock detector, one per partition
db2fmp Fenced process for UDFs and SPs
db2reorg Online inplace reorg process
db2sysc DB2 engine

db2tcpcm TCP communication manager
db2ipccm IPC communication manager

Coordinating Agent (db2agent)

DB2 assigns a coordinating agent for each connected application. Coordinating agents coordinate the work associated
with an application. Coordinating agents create subagents in a partitioned database environment or if intraparallel is
enabled, as well as the work of subagents.

Subagents (db2agntp)

Subagents are created by coordinating agents to do work in parallel. Subagents are used in partitioned database
environments or if the intra_parallel DBM CFG parameter is enabled.
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Bufferpools

Bufferpools are one of the most important tuning areas in DB2 and are the single most important resource in DB2.
Bufferpools are used to cache frequently accessed indexes and data in memory. Agents read and modify data pages in
the bufferpools. If needed data is not found in the bufferpool, it must be retrieved from disk. Bufferpools are covered in

more detail in Chapter 8.
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Prefetchers (ab2pfchr)

Prefetchers are used to fetch data from disk into the bufferpool in anticipation of the application needing it. Agents send
asynchronous prefetch requests to a common prefetch queue. Prefetchers process these requests from the prefetch
queue using big-block (extent) reads or scatter I/O to bring the required pages into the bufferpool from disk.
Prefetching performance is covered in more detail in Chapter 6.
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Page Cleaners (dbzpcinr)

Page cleaners are used to write updated (dirty) pages to disk so that free space is available for new pages to be
brought into the bufferpool. If there are not enough page cleaners configured, agents must write the dirty pages to
disk. This will impact performance because the write operation is synchronous. It is important to configure enough page
cleaners to perform asynchronous writes. See Chapter 8 for additional information on configuring page cleaners.

NOTE

When a page cleaner flushes a dirty page to disk, the dirty flag is removed but the page remains in the
bufferpool. This page will remain in the bufferpool until a prefetcher or agent overwrites it.
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LOgS (db2loggr)

All changes to data pages in the bufferpool are logged. As data is updated, agent processes write a log record to the log
buffer. The log records in the log buffer are flushed to the log files asynchronously by the logger. Neither updated data
pages in the bufferpool nor the log records in the log buffer are written to disk immediately to optimize performance.
They are written to the disk by page cleaners and the logger, respectively.

The logger and the bufferpool manager coordinate and make sure that the updated data page is not written to disk
before its associated log record is written to the log. This is known as "write-ahead logging." Refer to Chapter 10 for
more information on logging.
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Deadlock Detector

Deadlock detection is one of the most important functions in DB2. A deadlock occurs when two applications are holding
locks on data that each application needs. Both are waiting for each other to release the lock. This is also known as a
"deadly embrace." If a deadlock situation is not resolved, the applications involved could wait forever. Plus, they could
and usually do cause many other applications to wait on this same data. This results in a clogged system that could stall
or hang. Fortunately, DB2 has a deadlock detection mechanism that runs in the background and checks for deadlocks.
When DB2 finds a deadlock, it chooses one of the applications to receive a terminal SQL error code and then conducts a
rollback for the application. Once the rollback is complete, the locks previously held are released and the deadlock is
resolved.

The dichktime DB CFG parameter controls the interval for deadlock checking. The default is 10 seconds. This should be
adequate in most situations. If a deadlock is encountered, the higher this setting is the longer deadlocked resources are
locked. This decreases database concurrency. Usually, this is a sign of an application sequencing problem. Fix
application design problems before changing dichktime to accommodate a poorly written application. If running ERP,
CRM, or SCM packaged applications, check the vendor documentation for recommendations. Many of these vendors test
their applications in conjunction with IBM and arrive at recommended settings for this parameter.

NOTE

Lock snapshot information has been significantly improved in v8. Snapshot on locks now provides details
on the SQL involved, lists only the connections involved, and provides more granularity on locks involved.

Information on resolving locking problems is covered in more detail in Chapter 11.
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Connection Concentrator

Connection concentrator allows many applications to connect to DB2 while minimizing the amount of memory and
processes needed to process and maintain large numbers of connections. This is especially beneficial for Internet
applications with many transient connections or similar applications. The new connection concentrator architecture
reduces the amount of memory used for each connection and decreases the number of context switches by using an
n:m architecture. This offers significant performance improvements.

NOTE

Enable Connection Concentrator by setting the value of max_connections greater than the value of
max_coordagents.

As depicted in Figure 2.4, Connection Concentrator works like this:

Figure 2.4. Connection Concentrator.

After the first connection, the connection concentrator reduces the connect time to the host. When a disconnect is
processed, the inbound connection is dropped, but the outbound connection to the host is kept in a pool, where it
becomes a logical subagent that is controlled by a logical coordinator agent with an active connection to the remote
host. When a new request is made to connect to the host, DB2 tries to reuse an existing outbound connection from the
pool.

[ Team LiB ] T [


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[ Team LiB ] (4 Paivisus]fimxT o]
Summary

DB2 comes in several editions to enable businesses to select the right edition for their needs. The former EE and EEE
have been merged to form Enterprise Server Edition. ESE includes the capability to partition databases on SMP
machines. With the ESE Database Partitioning feature, you can create partitioned databases across multiple physical
machines. This enables DB2 to scale as your business requirements increase. The DB2 process model provides for a
client/server architecture. DB2 processes such as prefetchers and page cleaners process work in the background so
agents and applications do not wait for data. Connection concentrator paves the way for DB2 to be able to efficiently
process thousands of connections.
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Chapter 3. Logical and Physical Design

Logical design is the process of identifying entities and the relationships between those entities. It begins with the
business model that is transitioned to a logical model as part of the logical design process. All new database projects
and modifications or improvements to existing applications require a logical design. A logical model is used to document
the logical design. There are several data modeling tools on the market (e.g., Erwin from CA, ERstudio from
Embarcadoro, PowerDesigner from Sybase, and Rational Rose from Rationale Software). The logical design process and
availability and upkeep of the logical model are key ingredients to a successful project and database implementation.
Without them a project is doomed to failure. The process can be customized or tailored for enhancements or
maintenance projects but it cannot be skipped.

Logical design is the most important step in designing a database. If you don't do it in the beginning and if it is not done
right, then typically an implementation will fail and require serious modification to the application and database
structure in production, usually at the expense of loss of business due to the new system not working at all, or
providing only limited function.

I have never worked on a project that skipped logical design and was successful and I doubt you have or ever will
either. So let's get on with the details.
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Business Model

A business model is a description of business entities, functions, relationships, and the business rules associated with
them. The business model is essential to logical design and is the primary input to the logical design process. Business

architects and analysts are responsible for developing and maintaining the business model. See Figure 3.1 for an
example of a business model.

Figure 3.1. A business model.

The business model in Figure 3.1 identifies business entities and the basic relationships between them. In addition to a
diagram, the business model consists of data flow diagrams, state diagrams, business rule documentation, and other
documents that help to further define the functions of the business. The business model reflects the business practices
of an organization independently of any requirements for the underlying structure of a RDBMS. The business model is
further refined into a conceptual model. The following rules should be used in developing and defining business models:

® Each entity should have a self-describing name that is acceptable throughout the organization
® A complete definition for the entity that defines what is included and excluded

® An identifier for a business entity to discern it from other entities or multiple occurrences of the entity type
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Business Entities

Business architects are responsible for identifying and documenting business entities, relationships, and business rules.
This is often documented in a tabular form. See Table 3.1 for an example of business entities.

Table 3.1. Business Entities

Entity Name Abbreviation Identifier Description
STUDENT STUDENT Unique Student ID A registered student
CLASS CLASS Unique Class Number Class offered
INSTRUCTOR INST Unique Instructor ID Instructor ID

A series of models are used to document and depict business rules, entities, relationships, constraints, and physical
database implementation. There are three types of data models: conceptual, logical, and physical.

In the following sections we will discuss the details of each model. Once we have identified and documented business

entities, we can convert the business model to an entity—-relationship diagram (conceptual model), as shown in Figure
3.2.

Figure 3.2. An entity-relationship diagram.

Once we have an entity-relationship diagram, we can convert it to a logical model by using the following steps:
1. Convert business entities to data entities
2. Represent the degree of the relationships between entities
3. Identify conditional relationships
4. Convert many-to-many relationships
5. Convert repeating groups to characteristic entities

In Figure 3.3, we converted the conceptual model in Figure 3.2 to a logical model using the steps provided.

Figure 3.3. Entity-relationship diagram converted to logical model.
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In Figure 3.3 we have defined the cardinality of the relationships between entities and have created the Student_Class
associative entity to eliminate the many-to-many relationship between Student and Class. We will understand the
reason for this later in this chapter. In Figure 3.3, notice the circle close to the Meal Plan entity. This denotes an
optional relationship between Student and Meal Plan. A student can exist without having a meal plan, as is the case at
times with students that commute. The solid line across the connecting line between Class and Classroom identifies a
mandatory relationship. A Class cannot exist unless it is assigned to a Classroom. Optional and mandatory relationships
are useful for documenting and enforcing business rules.
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Business Rules

Business rules define how a business operates. An example is that a customer can only have one charge account, an
invoice cannot be paid unless associated with a valid purchase order, and each customer charge account must be
associated with a valid social security number. These types of business rules are known as constraints. Business rules
also define the degree or cardinality of the relationship between business entities. Business rules are unique to each

business and can vary widely from business to business.
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Entities and Relationships

Once we have identified business entities, relationships, and rules, we can document them as part of the logical design
process using entity-relationship (ER) diagrams. The conceptual model, as previously illustrated in Figure 3.2, is
represented using ER diagrams. It is as close to a real-world view of an organization's data as possible. Entity-
relationship diagramming was invented by P. P. Chen in 1976.

However, before you can develop ER diagrams and conduct the normalization process, it's helpful for you to understand
some key terms.

Entity
An entity is a person, place, thing, concept, or event. You can think of it as a noun.
Relationship

A relationship is used to describe the relationship between entities. Relationships are defined in terms of action words.
You can think of it as a verb. A relationship can be optional or mandatory, as previously described.

Candidate Key

A candidate key is an attribute or combination of attributes that uniquely identifies an instance of a relation.
Primary Key
A primary key is a candidate key that is selected as the unique identifier of a row.

Relation

A relation is a two-dimensional table consisting of attributes (columns) and tuples (rows).

Foreign Key

A foreign key is used to record the relationships between entities. The primary key of the entity on the one side of a
one-to-one or one-to-many relationship is placed in the entity on the one or many side. Foreign keys are used to
implement referential integrity and can have additional rules associated with them. For example, if the parent entry in a
parent-child relationship is deleted, the associated entries in the child entity will be deleted. This is known as "cascade
delete."

Cardinality

Cardinality is the degree of the relationship between entities. We can also identify certain relationships or attributes
using functional dependencies by observing two attributes, for example, A and B, which can be related in three ways
indicated by fd notation in the headings (A => B and B => A, etc.). The cardinalities that will be sufficient for our
purposes are: one-to-one, one-to-many, and many-to-many.

One-to-One Relationship (A =>B and B => A)

A single instance of one type is related to a single entity of the other type, In Figure 3.4, the EMPLOYEE-CUBICLE
relationship associates a single employee with a single cubicle. According to the relationship, no employee has more
than one cubicle and one cubicle cannot be assigned to more than one employee.

Figure 3.4. A one-to-one relationship.
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Employee

Cubicle

One-to-Many Relationship (A => B but B not => A)

A single instance of one type is related to many instances of the other type. In Figure 3.5, the DEPARTMENT-EMPLOYEE
relationship shows that an employee is assigned to one department and that a department has many employees.

Figure 3.5. A one-to-many relationship.

Department

Many-to-Many Relationship (A not => B and B not => A)

<

Employee

Many instances of one type are related to many instances of the other type. In Figure 3.6, the STUDENT-ORGANIZATION
relationship associates many instances of Student to many instances of Organization. A student can join more than one

organization and an organization can have many students as members.

Figure 3.6. A many-to-many relationship.
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Special Entity Relationships

Characteristic Entity

Repeating groups present a problem to relational databases. This is caused by the storing of redundant data and the
loss of flexibility if additional elements have to be added.

Therefore, you will need to create a characteristic entity, which will essentially involve creating another entity using the
primary key from the original entity and adding columns to the primary key to ensure uniqueness.

In the following relation, a manager can receive more than one bonus, thus we have a repeating group, the attribute
MGR_BONUS:

MANAGER (MGR_ID, MGR_NAME, MGR_BRANCH, MGR_HIRE_DATE, MGR_BONUS1, MGR_BONUS2,...MGR_BONUS5)

As shown in the MANAGER relation, a Finance Company manager can get up to five bonuses in a year. The MANAGER
relation has five columns defined to store this BONUS information. However, if the company decides to give a manager a
sixth bonus, BONUSS, it will not be able to. In the following relation, we created a new characteristic entity as follows:

BONUS (MGR_ID, BON_DATE, BON_AMOUNT)

With MGR_ID and BON_DATE as the primary key, this will resolve the repeating group problem and is much more flexible,
allowing a manager to receive any number of bonuses without the underlying table requiring any changes. However,
the business rule in this case only allows one bonus to be issued per day. That certainly is a reasonable business rule!

Associative Entity

An associative entity is used to resolve many-to-many relationships. Many-to-many relationships are difficult to support
in @ RDBMS and are subject to modification anomalies. In the following example, we have a many-to-many between
STUDENT and CLASS:

STUDENT (ID, NAME, ADDRESS, PHONE_NMR, EMERG_CONTACT)
CLASS (CLASS_NAME, NBR_CREDITS, PREREQUISITES, CLASS_NBR)

We resolve the many-to-many relationship by creating an association entity (STU_CLASS) that serves as a "go-between"
for the two related identities.

STU_CLASS (ID, CLASS_NBR, NAME)

This is done by creating a new entity, STU_CLASS, which contains the primary key from STUDENT and CLASS (ID and
CLASS_NBR) as the new primary key. These columns are also foreign keys, which point to the parent table.

The new relationship contains two one-to-many relationships, which are much easier to understand and more
accurately reflects how the data is used.
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Normalization

Once you have identified business entities and converted them to a logical model, the logical model needs to be
normalized. Normalization is the process of identifying and eliminating redundant data elements in the logical design to
avoid update and delete anomalies. The normalization process uses a series of forms (CODD,1970) that have defined
rules, and these rules are applied to each entity in an iterative approach.

For our purposes, we will discuss five types of normal forms. They are First Normal Form (1NF), Second Normal Form
(2NF), Third Normal Form (3NF), Boyce-Codd Normal Form (BCNF), and Domain/Key Normal Form (DK/NF). DBAs
should also become familiar with Elementary Key Normal Form (EKNF) and Project-Join Normal Form (PJNF), but they
are beyond the scope of this chapter.

Functional Dependencies

A functional dependency is a relationship between or among attributes. An example would be that if we are given the
value of one attribute, we can obtain the value of another attribute. For example, if we know the value of STUDENT_ID
we can find the value of GRADE_LEVEL. We can restate this using the following notation:

STUDENT_ID => GRADE_LEVEL

which can be read as the attribute STUDENT_ID determines the attribute GRADE_LEVEL or GRADE_LEVEL is determined by
STUDENT_ID. The attributes on the left side of the arrow are called determinants.

We will see later in this section how functional dependencies can be used to normalize relations.
Key

A key is a group of one or more attributes that uniquely identifies a row. Every relation must contain a primary key. It
should be noted that keys and functional dependencies are not determined by some arbitrary set of rules but are
determined by the business rules of the organization.
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First Normal Form

A relation is in first normal form (1NF) if it contains no repeating groups. That is, each attribute (or column) must have
only one value. Neither arrays nor repeating groups are allowed. Let's take a look at the CUSTOMER_ACCOUNT relation:

[View full width]

CUSTOMER_ACCOUNT (CUST_ID, ACCT_NBR, CUST_NM, ADDRESS, TYPE, DESCRIPTION, BRANCH_NBR,
== BRANCH_ADDR)

where:
CUST_ID = customer identifier
ACCT_NBR = account number
CUST_NM = customer name
ADDRESS = customer address
TYPE = account type
DESCRIPTION = account description
BRANCH_NBR = branch number
BRANCH_ADDR = branch address

This relation is in 1NF since it has no repeating groups, but has some inherent modification anomalies. What happens if
a customer closes their account? All data regarding a customer such as customer identification, account number, and
customer address will be lost. Also, inserting new data is a problem. The type of account, description, and branch
address cannot be inserted until a customer opens an account.

The problem with the CUSTOMER_ACCOUNT relation is that nonkey attributes are dependent on parts of the primary key,
but not the entire key. We can see this by identifying the functional dependencies involved:

CUST_ID => CUST_NM but ACCT_NBR => CUST_NM

CUST_ID => ADDRESS but ACCT_NBR => ADDRESS

CUST_ID => TYPE but ACCT_NBR => TYPE

ACCT_NBR => DESCRIPTION but CUST_ID => DESCRPTION
ACCT_NBR => BRANCH_NBR but CUST_ID => BRANCH_NBR
ACCT_NBR => BRANCH_ADDR but CUST_ID => BRANCH_ADDR

In order to eliminate modification anomalies, relations in 1NF must be normalized to 2NF and 3NF. This will result in
more entities being created throughout the normalization process.
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Second Normal Form

A relation is in second normal form (2NF) if it is in 1NF and all of its nonkey attributes are dependent on all of the keys.
Therefore, if the key has only one attribute, the relation must be in 2NF.

The CUSTOMER_ACCOUNT relation from our previous example can be decomposed into four new relations as follows:

CUST_MSTR (CUST_ID, CUST_NM, ADDRESS)
BRANCH_LOC (BRANCH_NBR, BRANCH_ADDR)
ACCT_TYPE (TYPE, DESCRIPTION)

CUST_ACCT (CUST_ID, ACCT_NBR)

These new relations are in 2NF. The CUST_MSTR, BRANCH_LOC, and ACCT_TYPE relations have primary keys with just one
attribute. And the CUST_ACCT relation contains no nonkey attributes. Customer information can be inserted into the
CUST_MSTR relation before an account is opened. Deletion of all customers assigned to a certain branch will not result in
branch information being deleted. Deletion of all accounts for a customer will not result in loss of customer data.

Relations that are in 2NF can still have modification anomalies. For example, the relation
BANK_FEES (ACT_NBR, TRAN_TYPE, FEE)

is in 2NF, since the primary key ACT_NBR only has one attribute, but there is a dependency involving a nonkey attribute
(TRAN_TYPE) on another nonkey attribute (FEE). By identifying functional dependencies, you can identify the anomalies
as follows:

ACCT_NBR => TRAN_TYPE
ACCT_NBR => TRAN_TYPE => FEE

We have dependencies between nonkey attributes; the TRAN_TYPE and FEE.
TRANTYPE => FEE

The fee charged is determined by the transaction type. What happens if we delete an account number from the
BANK_FEE relation? We lose the fact that a certain transaction type is associated with a specific fee.

Another method that can be used to normalize relations is the concept of themes. Generally, if there are multiple
themes in a relation, the relation can be decomposed further into relations with single themes to eliminate modification
anomalies. Using the following relation, we can see that this relation has two themes, one containing student activity
information and one containing activity cost information.

STUD_ACTIVITY (STU_ID, ACTIVITY, FEE)
We can decompose these relations into additional single-theme relations:

STU_ACT (STU_ID, ACTIVITY)
ACTIVITY_COST (ACTIVITY, FEE)

So you can use whichever technique you are more comfortable with.
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Third Normal Form (3NF)

A relation is in 3NF if it is in 2NF and has no transitive dependencies. Another well known definition for 3NF is a
situation in which an attribute is "a function of the key, the whole key, and nothing but the key."

In the BANK_FEES relation, the transitive dependency between TRAN_TYPE and FEE was illustrated. To resolve the
transitive dependency, the relation can be decomposed into two new relations as follows:

BANK_FEE (TRAN_TYPE, FEE)
ACTIVITY (ACCT_NBR, TRAN_TYPE)
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Boyce-Codd Normal Form (BCNF)

Another level of normalization is BCNF. Relations in 3NF can still have modification anomalies. Hence, we can continue
to normalize relations in our search to eliminate modification anomalies.

A relation is in BCNF if every determinant is a candidate key. In the following relation
ADVISER (SID, MAJOR, FAC_NAM)

a student can have more than one major (MAJOR). A major can have several faculty members (FAC_NAM) as advisers,
and a faculty member (FAC_NAM) advises in only one major area. The combination (SID, MAJOR) determines FAC_NAM,
and the combination (SID, FAC_NAM) determines the major. Hence, both of these combinations are candidate keys.
Additionally, FAC_NAM determines MAJOR (any faculty member advises in only one major; therefore, given the FAC_NAM,
we can determine MAJOR). So, FAC_NAME is a determinant. But ADVISER is in 3NF because it is in 2NF and there are no
transitive dependencies.

However, ADVISER still has modification anomalies. Suppose a student drops out of school. If we delete the row with the
SID of 500, we lose the fact that the assigned adviser advises in psychology. This is a deletion anomaly. Similarly, we
cannot store the fact that an adviser advises in history until a student majors in history. This is an insertion anomaly. As
with previous examples we can decompose ADVISER into two relations to resolve the anomalies. The two new relations
are:

STUDENT_ADVISER (STU_ID, FAC_NAM)
ADV_SUBJ (FAC_NAM, SUBJECT)

These two new relations are now in BCNF normal form and have no anomalies in regard to functional dependencies.
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Domain Key/Normal Form (DK/NF)

This normal form was defined in 1981 by R. Fagin. A relation is in DK/NF if every constraint on the relation is a logical
consequence of the definition of keys and domains. In order to understand DK/NF form it is important that you
understand the following definitions.

Constraint

A constraint is any rule governing static values of attributes that is precise enough to enable us to determine whether
or not it is true. Note that time-dependent constraints are excluded from this definition. Valid constraints are edit rules,
functional, multi-value dependencies, and inter- and intra-relational constraints.

Key

A key is a unique identifier of a row (tuple).

Domain

A domain is a description of the allowed values of an attribute. Check constraints are an example of this in DB2. A
domain has two parts: a physical description that defines the set of values the attribute can have, and a logical
description that defines the meaning of the attribute.

A relation is in DK/NF if enforcing key and domain restrictions causes all of the constraints to be met. This is especially
important to an RDBMS, since they can prohibit modification anomalies by enforcing key and domain restrictions.

A straightforward approach for converting relations to DK/NF has not been defined. However, in a RDBMS the facilities
for doing it are usually provided as part of the RDBMS. If the constraints cannot be implemented by the database, then
they can be coded into the application logic.

In the following relation

CUSTOMER (CUST_ID, ACCT_LEVEL, ACCT_TYPE, FEE)
CUST_ID = Customer identifier
ACCT_TYPE = Account type
FEE = FEE charged based on type of account

CUST_ID functionally determines ACCT_LEVEL, ACCT_TYPE, and FEE so CUST_ID is the key. Our business rules in this
relation place domain constraints on each of the attributes and we know that ACCT_TYPE => FEE. In accordance with the
rules for DK/NF, we need to make the functional dependency ACCT_TYPE => FEE a logical consequence of keys. If
ACCT_TYPE were a key attribute, ACCT_TYPE => FEE would be a logical consequence of the key.

ACCT_TYPE cannot be a key in Customer because more than one customer can have the same account type. But it can
be a key of its own relation. So, we define the following domain definition, relations, and attributes:

DOMAIN DEFINITIONS
CUST_ID in DDDDDD, where D is a decimal digit >0<999999
ACCT_LEVEL in ("PERS", "CML", "INTB")

ACCT_TYPE in CHAR (3)
FEE in DEC (4)

RELATION AND KEY DEFINITIONS
CUSTOMER (CUST_ID, ACCT_LEVEL, ACCT_TYPE)

KEY: CUST_ID
ACCT_FEE (ACCT_TYPE, FEE)

KEY: ACCT_TYPE

We know that by converting the relation to DK/NF, the relations have no modification anomalies whatsoever. We could
have arrived at this result by converting from 2NF to 3NF to remove transitive dependencies. However, using DK/NF we
just need to make all the constraints logical consequences of domain and key definitions.
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Unified Modeling Language (UML)

The Unified Modeling Language (UML) was adopted by the Object Management Group (OMG) in November 1997 as a
language for object-oriented analysis and design. The OMG received input regarding the UML specification from industry
leaders such as Microsoft, IBM, and Oracle.

In addition to being used for designing object-oriented programs, it has made in-roads into logical database design.
This is a natural evolution as UML-capable tools are widely used to model, construct, and deploy enterprise applications.

UML class diagrams are similar to entities in ER diagrams and can be used for conceptual and logical design. Many UML-
capable tools can input and convert ER diagrams to object class diagrams. Since it is so full-featured, UML is well
positioned to become the enterprise application development and data modeling tool of choice. This will be appealing to
IT organizations because the entire enterprise from business architects to database administrators will all be able to
work from the same model and tool set. As a DBA or data modeler, you should become familiar with the use of UML and
associated outputs. I anticipate that it will eventually see widespread use in logical design.
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Logical Design Outputs

A logical model identifying the entities, relationships, and attributes for the data being modeled is the primary output of
the logical design process. The logical design is complete with primary and foreign keys and constraints defined on the
data, and should contain data at least normalized to 3NF, or DK/NF if possible. The logical model is the primary input to
physical design.

[ Team LiB ] [« rravisus Jwaxt o]


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[Team LiB ]

Physical Design

Once the logical design has been completed, physical design can begin. Physical design consists of the following five

steps:
1. Denormalization
2. Creation of indexes
3. Creation of tablespaces and tables
o Container layout
o Disk strategy
4. Tablespace breakout strategy

5. Bufferpool strategy
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Denormalization

Normalized relations eliminate or reduce modification anomalies. However, the process also results in many more
relations, which will be subsequently converted (in most cases) to DB2 tables. Sometimes the costs (query runtime and
complexity) outweigh the benefits of normalization.

With continued enhancements to the DB2 optimizer, cost is not as much a factor as it used to be (in terms of
processing many table joins, etc.), but it still can be a factor to consider when trying to optimize the physical design.
Denormalization is the process of combining relations or attributes from relations to reduce the number of relations to
be processed and to reduce the complexity of queries. Denormalization is sometimes referred to as "controlled
redundancy." Denormalization is primarily done for performance gains, to provide read-only tables for decision reports,
or for ad hoc reporting, but like "caveat emptor" the DA or DBA must be aware of the redundancy subsequent
modification anomalies that can be produced. Denormalization can be done just using the logical model but it is done
much better if the DBA has the SQL so that they are aware of the relationships and joins involved. A DBA must have
the SQL queries associated with the logical model in order to develop a proper physical design.

HINT

Many logical modeling tools can generate Data Definition Language (DDL) to create the physical objects.
Use this generated SQL (you can modify it, if necessary) to save time and increase productivity.
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Creation of Indexes

Unique (primary key) indexes and indexes on foreign keys should be created based on the logical model. Secondary
indexes, to support SQL queries, join operations, and business reports, should be created as part of physical design. In
order for this to occur the SQL needs to be provided to the DBA staff at this time, although too often this is not the case
and the SQL is not available. Therefore, it is very difficult to identify all the secondary indexes required. What usually
happens in this case is that the application does not meet performance expectations in production, and significant
modification is required to programs and indexes.

If the SQL is available at the initial physical design, then the DBA can create indexes to meet the needs of the business.

Follow these guidelines when creating secondary indexes:

Create indexes to eliminate SORTS required by ORDER BY, GROUP BY, and DISTINCT SQL statements.
Create indexes on joined columns.
O Failure to do so could result in a cartesian product, which is not always desirable.
Create indexes on local predicates to get index-only access.
Consider using INCLUDE columns to obtain index-only access.
Create indexes including the ALLOW REVERSE SCANS clause to eliminate sorts.
Create indexes on foreign keys.
Create a clustering index on every table.
Consider use of APPEND ON for highly inserted tables.

Use Multidimensional Clustering (MDC) indexes for data warehousing environments and consider MDC for online
transaction processing (OLTP) environments.

For more information on indexes, refer to Chapter 7.
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Creation of Tablespaces and Tables

A tablespace and table strategy needs to be developed: the type of space that will be used, SMS or DMS, as well as the
size and number of tables per tablespace, along with the number of containers to be used.

HINT

Prior to creation of tablespaces, remember to enable the DB2_PARALLEL_IO environmental variable so that it
is applied to any tablespaces you create.

File systems must be built or drive assignment verified and raw logical volumes requested if DMS device containers are
being used. This requires coordination with system, storage, and possibly network or InfiniBand administrators if
storage area networks (SANs) or InfiniBand networks are being used or planned.

Tablespace Breakout Strategy
A tablespace breakout strategy consists of the following:

® Assigning high priority tables to a single tablespace.
® Pplacing high priority tablespaces in dedicated bufferpools and/or on separate physical disks or disk arrays.

® Creating separate tablespaces for indexes and/or assigning indexes to separate bufferpools.
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Bufferpool Strategy

Objects should be assigned to bufferpools based on business priorities and access type. Business priorities are
contained in or derived from business needs. Access type pertains to whether or not access is sequential or random.
Place objects with different access types into different bufferpools. That way, an object with lots of sequential prefetch
against it will not compete for bufferpool space with randomly accessed objects. Refer to Chapter 8 for more
information on bufferpools.
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Summary

Logical design is the single most important step in database design. It cannot be skipped. It can be customized to
support specific development efforts.

Business architects identify business entities and business rules and develop the conceptual model. Data administrators
or DBAs develop the logical design and normalize it to meet business objectives. This is typically to 3NF or DK/NF. The
importance of identifying and eliminating modification anomalies has been discussed. UML was introduced and identified
as a future modeling language. The importance of having well-defined and documented business rules was presented.

The logical model is important to the physical design process. Most modeling tools can generate DDL for use in building
the physical design. Tablespace design, as well as container strategy and disk layout, need to be planned and
coordinated with UNIX, SAN, and network administrators. Finally, business priorities need to be used in developing a
tablespace breakout and bufferpool strategy.

[ Team LiB ] [+ Faavisvs vt o]


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[ Team LiB ] [ vy Jlri v
Chapter 4. Application Development

DB2 v8 is rich in application development features. The new Development Center makes it easy for developers to use
their development tool of choice. Important changes to various drivers has resulted in improved performance for client
applications. XML enhancements enable DB2 to act as both a provider and a consumer of Web services. SQL
enhancements such as INSERT through UNION ALL VIEWS, INSTEAD OF TRIGGERS, ORDER BY, and FETCH FIRST in subqueries
will enable substantial productivity improvements for application developers. New plug-ins for the Websphere Studio
integrated development environment are available for integration with the new Development Center along with new
add-ins for Microsoft Visual Studio development products (Visual Basic, Visual C++, and InterDEV). This chapter covers
the new DB2 v8 enhancements and also addresses the establishment of the DB2 development environment and how
the DB2 provided tools can be used to develop your applications of choice.

[ Team LiB ] [« rruvisus Jwaxt o]
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Getting Started

Getting started with developing DB2 applications is very easy. The primary enabler to getting started is the Run-Time
Client. The Run-Time Client provides the driver required for the following APIs:

® ODBC
® DB2 CLI
® OLE DB
® JDBC
® SQLJ

The Run-Time Client is included with the base DB2 ESE product. It is also provided with the following components:

® DB2 Administration Client
® DB2 Application Development Client
® DB2 Universal Developers' Edition (UDE)

The Run-Time Client enables DB2 clients to communicate with DB2 UDB servers.

NOTE

For v8 clients to work with DB2 UDB v7 servers, you need to enable the use of the DRDA Application
Server capability on the DB2 UDB v7 server and the DB2 UDB v7 server needs to be at Fixpack 8 or above.

Although access from v8 clients to v7 DB2 UDB databases is supported, it is not recommended. This is due to the
number of restrictions involved.

[ Team LiB ] [« rravisus Jwaxt o]
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DB2 Administration Client

The DB2 Administration Client provides all the features of the DB2 Run-Time Client and includes all the DB2
Administration GUI tools, documentation, and support for Thin Clients. Developers can use the Control Center
component to browse DB2 schemas and objects, which can aid them in developing applications.

NOTE

In Windows, the installer needs to make sure the user account used to install the Administration Client is
defined on the local machine, belongs to the Local Administrator's group, and has the Act as part of the

operating system advanced user right.
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DB2 Application Development Client

The DB2 Application Development Client provides all the features of the DB2 Administration Client and also includes
libraries, header files, documented APIs, and sample programs to build all kinds of applications.

[ Team LiB ] [+ Faavisvs vt o]
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DB2 Personal Developers' Edition (PDE)

PDE enables a developer to design and build single-user desktop applications. PDE is available for the Windows and
Linux platforms and includes the DB2 Extenders.

[ Team LiB ] [« rravisus Jwaxt o]
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DB2 Universal Developers' Edition

UDE offers a low-cost package for a single application developer to design and build applications for deployment to any
of the DB2 UDB platforms. It is for development use only and cannot be used in a production environment. UDE
includes all client and server editions, DB2 Extenders, Warehouse Manager, and Intelligent Miner.
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DB2 Development Center

The DB2 Development Center is a new integrated development environment in DB2 v8. The Stored Procedure Builder
has been replaced and its functions incorporated into the Development Center. Application developers can use the
Development Center to build, debug, teat, and deploy JAVA and SQL stored procedures, SQL functions, and table
functions that can read MQSeries messages, access OLE DB data sources, and extract data from XML documents. We
will look at the Development Center in more detail later in this chapter.

[ Team LiB ] T [
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DB2 Visual Explain

DB2 Visual Explain is an excellent tool for developers to aid them in developing efficient SQL. Visual Explain is
integrated with the DB2 Control Center, Command Center, and Development Center. Visual Explain is used to explain
and analyze SQL statements and display the access plan in a graphical format. It should be used by developers and
DBAs to review SQL from unit test, acceptance test, and system test through post-implementation.

DB2 Visual Explain should be available to all developers to use in developing SQL. Although there are other forms of
DB2 Visual Explain available, my experience is that using Visual Explain in conjunction with Design Advisor is a very
powerful combination that is hard to beat. Visual Explain is definitely a tool that improves the productivity of developers
and DBAs alike and should be used throughout the system development life cycle.

For a complete list of DB2 Developer Tools and components, refer to the DB2 Application Development Guide:
Programming Client Applications.

As noted earlier, Visual Explain can be launched from the Control Center and Command Center. See Figure 4.1 for an
example of how to launch Visual Explain from the Control Center.

Figure 4.1. Launching Visual Explain from the Control Center.

Figure 4.1 shows how to launch visual explain by right-clicking on the database of interest and selecting Explain SQL.
After making the selection, the input window appears as shown in Figure 4.2.

Figure 4.2. Visual Explain Input window.
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The SQL statement in the window was retrieved from a local file. Note that you can change the optimization class to see
how various optimization levels affect the performance of the SQL. After making any changes, select the OK button,
which causes an explain to be run and the access plan returned in the next window, as shown in Figure 4.3.

Figure 4.3. Access plan graph.

In Figure 4.3, we can observe from the access plan graph that was returned that a hash join is being used and that a
sort is involved. By selecting the sort object, we can get additional details on the sort operation being performed. See
Figure 4.4 for details on the sort operation.

Figure 4.4. Sort details.
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The sort details pane provides you with detailed information regarding the sort. You can analyze these details, such as
columns involved and statistics, and use this information to eliminate the sort. You can take the statement and run it
through Design Advisor to arrive at an optimal solution.
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Development Center

The Development Center (DC) is launched from the Control Center. The DC can be used to easily develop SQL or Java
stored procedures and user-defined functions and structured data types. While it supports developing and debugging
server-side logic in Java and Procedural SQL, stored procedures written in any language can be tested within the
Development Center.

The Development Center allows developers to browse the contents of remote databases, as well as containing project
management features. The Development Center also provides a DB2 add-in for Visual C++, Visual Basic, and Visual
InterDev. With these add-ins, you can easily develop DB2 server-side logic without leaving your Microsoft development
environment. A central theme to the Development Center is the concept of a project. The first action that you need to
take when launching the Development Center for the first time is to create a project. In the next several examples, I
take you through the steps necessary to create a project and build an environment where you can create or import SQL
and Java procedures on UDFs. See Figure 4.5 for the initial Development Center panel.

Figure 4.5. DB2 Development Center.

After providing a project name and path, you can click on the Select button and the Connection panel is displayed, as

shown in Figure 4.6.

Figure 4.6. Connection Panel.
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The Connection Panel is used to specify the type of driver you want to use and the database that you want to work
with. After verifying or changing this information, select the Next button to proceed to the Options Panel, as shown in

Figure 4.7.

Figure 4.7. Options Panel.

The Option Panel is where you specify the schema for the database connection as well as default authorization IDs.
Once you have done this, select Next to proceed to the summary panel, as shown in Figure 4.8.

Figure 4.8. Summary Panel.
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The Summary Panel displays a list of all your selections. Select the Back button to go back and change settings or
select Finish if no changes are required. After selecting Finish, the Development Center Launchpad is launched, as

shown in Figure 4.9.

Figure 4.9. Development Center Launchpad.

The final step is to create a Stored Procedure or UDF. You then select Create Object and the New Object selection panel

is launched, as shown in Figure 4.10.

Figure 4.10. Development Center New Object panel.

After we make our object selection by selecting the OK button, the name panel is launched, as shown in Figure 4.11.

Figure 4.11. Name panel.
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The Name panel requires that we give our stored procedure a name. Use a name that follows your company naming
standards. Select the Next button and the Definition panel is launched, as shown in Figure 4.12.

Figure 4.12. Definition panel.

The Definition panel is used to define the stored procedure. The number of statements, result sets, and error handling
can be specified. After defining the stored procedure or UDF, select the Next button to display the Parameters panel, as

shown in Figure 4.13.

Figure 4.13. Parameters panel.
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The Parameter panel of the Create SQL Stored Procedure Wizard helps you to define input and output parameters for
your SQL stored procedures. After adding the necessary parameters, select the Next button and the Options panel is

displayed, as shown in Figure 4.14.

Figure 4.14. Options panel.

The Options panel enables you to provide a specific name for the SP and to determine whether or not debugging is
enabled. Once we complete the entries on this panel, select the Next button and the Summary panel is displayed, as

shown in Figure 4.15.

Figure 4.15. Summary panel.
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The Summary panel enables us to review the settings that have been specified and to go back and make changes if
necessary. By selecting the Finish button, the SP is built and the project view of the DB2 Development Center is
displayed, as shown in Figure 4.16.

Figure 4.16. Development Center Project View.

As is shown in Figure 4.16, the Project View displays a list of SPs under the SP folder. You can choose which one to
work with and you can import procedures from a text file. In Figure 4.15, two SPs are defined. We created the
GETHEDATA SP and imported the DB2-provided sample SQL procedure, UPDATE_SALARY, from the DB2 SAMPLES
directory. The import process is started by right-clicking on the SP folder, as shown in Figure 4.17, and selecting
Import, which launches the Import Wizard, as shown in Figure 4.18.

Figure 4.17. Importing a procedure.
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Figure 4.18. Import Wizard.

After successfully importing the UPDATE_SALARY sample SQL procedure, we are returned to the Development Center, as

shown in Figure 4.19.

Figure 4.19. Development Center.
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Help is available throughout the Development Center. By selecting Help from the toolbar, you are taken into the
appropriate help page in the DB2 Information Center, as shown in Figure 4.20.

Figure 4.20. DB2 Development Center Help.

By selecting your area of interest in the DB2 Information Center, you can drill down to specific help details for your item
of interest.

In addition to integrated help, you can set breakpoints in your stored procedure to aid in your development and
debugging efforts, which is shown in Figure 4.21.

Figure 4.21. Adding breakpoints.
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We added a breakpoint to our UPDATE_SALARY procedure by placing the cursor in the location where we want the
breakpoint inserted, and clicking on the Add Breakpoint button from the toolbar. You can use breakpoints to step
through the procedure to the breakpoint specified.

Procedures and UDFs can be deployed via the Development Center to server platforms throughout the DB2 family. After

you have successfully created and built a procedure or UDF, the next time you enter the Development Center you can
select existing projects instead of creating a new one, as shown in Figure 4.22.

Figure 4.22. Launching Development Center using an existing project.

Although I have highlighted the creation of SQL procedures, the Development Center supports the development of Java
stored procedures and structured types. A new Execute Privilege has been included to control who can invoke routines
(stored procedures, UDFs, and methods).

NOTE

IN v8, SQL procedures are now automatically registered as NOT FENCED. NOT FENCED routines now support
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nesting and recursion and NOT FENCED procedurés can return result sets.
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Java Thread-Safe Routines

Java stored procedures support recursion in v8 and Java routines can invoke routines written in other languages and
vice versa. The new threading of Java UDFs and stored procedures has resulted in significant performance
improvements for Java-based routines. Instead of creating a JVM for each routine, which was done in previous versions
of DB2 prior to v8, routines that run as thread-safe now share a single fenced process. The resulting performance
improvement is gained by not having to go through the overhead of creating a JVM for each routine.

[ Team LiB ] [+ Faaviava vt +]
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Java Common Client

The DB2 internal protocol has been totally rearchitected in v8. The new architecture results in a much more streamlined
interface. Layers of code have been removed and unnecessary memory movements have been eliminated. Significant
performance improvements have been realized with the new architecture.

A new type-4 JDBC driver is provided with the new architecture. It is designed to replace the type-3 driver in the area
of usability and performance. Support for DATALINK as a data type has been added. Unnecessary code page conversion
between a DB2 client and DB2 server when previously connecting to a UNICODE database has been eliminated. OUTPUT
LOB parameter support for CallableStatement had been added. The performance of PreparedStatements is improved and
FetchSize for ResultSets is supported by the type-3 driver.

The type-2 driver is now J2EE certified. It is the driver of choice for application servers such as Websphere Application
Server. The new SQLJ profile customizer supports the java.sgl.Blob and java.sqgl.Clob types of JDBC 2.0, as well as host
variable expressions.

[ Team LiB ] T [
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SQL Enhancements

DB2 v8 contains many SQL enhancements to enable DB2 to meet the business demands of today's 24 x 7 x 365
operating environment. Declared Global Temporary Tables now support the addition of indexes and the ability to run
RUNSTATS on Temporary Table objects. Several new SQL enhancements have been made and will be addressed later in
the chapter. User-Maintained Materialized Query Tables provide users with the ability to load precomputed data, and
they can maintain the refresh of this based on business rules.

Declared Global Temporary Table (DGTT) Enhancements

Significant enhancements have been made to DGTTs. You can create indexes on DGTTs. Logging support has been
added and rollback of table changes is now supported. RUNSTATS can now be run against DGTTs.

[ Team LiB ] T [
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SQL Assist

Previously only available in the Data Warehouse Center, SQL Assist is now part of the base product. SQL Assist is
launched from the Command Center. It enables you to create SELECT, INSERT, UPDATE, and DELETE statements with
expert advice. Outcome and detail panels are available to help you write the SQL statement. Assistance is also provided
for writing joins and syntax checking is built in. You can copy and paste SQL statements and use SQL Assist to format
them.
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SQL Enhancements

As with all previous releases of DB2, v8 contains several SQL enhancements that will help you to develop business
applications. Version 8 is compliant with ANSI and ISO standards.

Instead Of Triggers

Instead Of triggers can simplify application programming by allowing developers to code inserts, updates, and deletes
against views, while the actual update operation is redirected to the underlying table.

New Built-in Functions

Twelve new trigonometric functions have been added to the SYSIBM schema. The FETCH FIRST and ORDER BY statements
are supported in subqueries.

[ Team LiB ] T [
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Informational Constraints

DB2 can use new informational constraints to perform query optimization. When informational constraints are defined,
you indicate to DB2 whether or not they can be used for query optimization. If enabled, the DB2 optimizer can use the
values in the informational constraint to better optimize the access plan. Not enforcing constraints in the database
requires that the application enforce the constraint with application logic.

[ Team LiB ] 14 raavisus [l o
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Insert Through Union All Views

The SQL Insert statement is now supported for views that use a UNION ALL construction, in addition to the UPDATE and
DELETE capabilities provided in previous releases.

Insert Through Union All Views can be used to accomplish range partitioning via a combination of check constraints and
use of separate table spaces. This provides a flexible solution to the 64 GB per table limit by allowing you to break up a

large table into smaller tables and by placing each table into a separate table space. Through the use of a check
contraint on a data ranger, the DB2 optimizer can determine which table to access.

[ Team LiB ] [« rruvisus Jwaxt o]
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Summary Tables

A summary table is a table whose definition is based on the result of a query and whose data is in the form of
precompleted results that are taken from one or more tables on which the summary table definition is based.

Since summary tables contain precomputed results, they can be used to significantly improve the performance of
queries running against data that is not summarized. For example, instead of scanning a large daily sales table to
procedure a monthly sales summary report, a summary table could be defined to summarize sales and DB2 could use
the summary table to get the results instead of scanning a very large table to first get the data and then summarize it.
The DB2 optimizer will determine at run time whether or not to use a summary table. If it decides a query will benefit
from using a summary table, the optimizer will develop an access strategy using its query rewrite capability.

A table definition whose fullselect contains a GROUP BY clause is summarizing data from tables referenced in the
fullselect. This type of summary table, is a special type of Materialized Query Table (MQT), new in v8.

A summary table is created using a CREATE TABLE statement. The following is an example of a CREATE TABLE statement
to create a summary table:

CREATE SUMMARY TABLE SALES SKU AS (SELECT sku.
SUM(qty) as QTY,
SUM9class) as CLASS
From Daily_Sales Group by sku)
Data Initially Deferred
Refresh Deferred

In the above example, the keyword summary is used to indicate that this is a summary table. If it is omitted, DB2 will
still recognize this as a summary table as a result of the AS keyword.

NOTE

Summary tables can only be accessed when using Dynamic SQL.

There are two ways to update the data in the summary table: Refresh Deferred or Refresh Immediate. This option is
specified on the CREATE TABLE statement using one of the refresh options:

® Refresh Deferred— the data in the table is refreshed when a REFRESH TABLE statement is executed.

® Refresh Immediate— the changes made to the underlying tables as part of a DELETE, INSERT, or UPDATE
statement are cascaded to the summary table immediately.

The DATA INITIALLY DEFERRED clause means that the data is not inserted at Create Table time, but when the REFRESH
TABLE statement is executed.

NOTE

System maintained summary tables cannot be directly modified by the INSERT, UPDATE, or DELETE
statement.
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Current Refresh Age Special Register

The CURRENT REFRESH AGE special register specifies a timestamp duration value with a data type of (20, 6). This
duration represents the maximum duration since a REFRESH DEFERRED.

It is used by the optimizer to determine if the summary table can be used to optimize the query. Use SET CURRENT
REFRESH AGE to change the value of the Current Refresh Age special register.

NOTE

Summary tables are represented by type S in the DB2 catalog.

® Zero (0) means that only summary tables defined with REFRESH IMMEDIATE may be used to optimize the query.

® 99999999999999 (9,999 years, 99 months, 99 days, 99 hours, 99 minutes, and 99 seconds) or ANY means any
summary tables defined with REFRESH.

® DEFERRED or REFRESH IMMEDIATE may be used to optimize the processing of a query.

The initial value of the Current Refresh Age is 0. To enable the optimizer to consider using the deferred refresh
summary tables, you have to set the CURRENT REFRESH AGE Special Register to ANY. This can be done using the SET
CURRENT REFRESH AGE ANY statement.

There are several limitations on using Summary Tables. Refer to the DB2 SQL Reference for further information.
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Materialized Query Table (MQT)

The definition of an MQT is a table whose definition is based on the result of a query, and whose data is in the form of
precomputed results that are taken from one or more tables on which the MQT definition is based. The definition of an
MQT contains joins, functions, and other SQL statements that are not allowed in summary tables.

The following is an example of an MQT:

CREATE SUMMARY TABLE POAMT
AS (SELECT VENDOR, CODE, CLASS, SKU
FROM VENDOR V, SKU S
WHERE V.CODE = S.CLASS)
DATA INITIALLY DEFERRED
REFRESH DEFERRED;

The MQT can be used to prejoin tables together. This allows the optimizer to bypass the join if the MQT contains the
columns and rows that it needs.

[ Team LiB ] [« rruvisus Jwaxt o]
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User-Maintained MQTs

New in v8, user-maintained MQTs enable you to load precomputed data into a user-defined summary table.

NOTE

User-maintained summary tables make it easier for Oracle users to migrate to DB2.

The primary difference between a system-maintained summary table and a user-maintained MQT is that with a user-
maintained MQT, the creation and loading of the table is under user control.

Since the data is generated by the user, it is not refreshed by DB2. It is the user's responsibility to periodically update
the table based on your particular business rules. Use the MAINTAINED BY USER option on the CREATE SUMMARY TABLE
statement to create a user-maintained summary table. The following is an example of how to load a user-maintained
summary table:

INSERT INTO UMST_INVOICE
SELECT * FROM
(SELECT VENDOR, COUNT(*) SUM (INV_AMT)
FROM INVOICE
GROUP BY VENDOR )
ASV;

To prevent other summary tables from being used while loading the table, you can issue the following command:
SET CURRENT MAINTAINED TABLE TYPES FOR OPTIMIZATION = NONE;
Set this register back to ALL when you have completed loading the user-maintained summary table. Also, don't forget to

set the CURRENT REFRESH AGE special register to ANY so that the optimizer will consider the summary table for
optimization.

NOTE

Insert, Update, and Delete statements can be used to modify and delete data in a user-maintained MQT.
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eXtensible Markup Language (XML)

The XML Extender is provided with DB2 and allows you to store XML documents as a new column data type. DB2 also
has the ability to decompose and store XML in its component parts as columns in multiple tables. Indexes can be
defined on XML columns for fast retrieval. Furthermore, text search and section searches can be done on the XML
column or its decomposed part via the DB2 Net Search Extender. XML documents can be formulated from existing DB2
tables to enable business-to-business (B2B) transactions.

With these capabilities and DB2's support of Web Services Object Framework (WORF), DB2 can serve as both a
provider and consumer of Web services.

[ Team LiB ] T [
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Summary

The DB2 Development Center is an integrated development environment that offers developers a standard platform
from which to develop applications for DB2. Visual Explain, used in conjunction with Design Advisor, enables you to
develop top performing applications. Summary tables, MQTs, and user-maintained MQTs offer you opportunities with
which to obtain significant performance improvements. DB2, through its strong support of XML, enables DB2 to serve
as a provider or consumer of Web services.

[ Team LiB ] [+ Faaviava vt +]
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Chapter 5. Type-2 Indexes and Multidimensional
Clustering

New in v8, type-2 indexes have been designed to significantly reduce next key share locking for DELETE and UPDATE
transactions, and to enable many new availability and performance features in v8. These features are explained in more
detail in this chapter. Multidimensional clustering (MDC) is a significant new clustering capability introduced in v8 that
enables tables to be continuously and automatically clustered along multiple dimensions. MDC tables don't require
regular reorganization and provide for significant performance and availability enhancements for v8 databases.

[ Team LiB ] T [
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Benefits of Type-2 Indexes

Type-2 indexes enable an index to be created on columns whose length is greater than 255 bytes (this available in DB2
UDB v7.2 via a registry variable). Type-2 indexes eliminate most next key share index locking, which reduced
concurrency in prior releases of DB2. With type-2 indexes, index entries are pseudodeleted instead of being physically
removed from the page.

NOTE

DB2 uses the one-byte ridFlag byte stored for each row identifier (RID) on the leaf page of a type-2 index
to mark the RID as logically deleted so that it can be physically removed later.

If possible, these pseudodeleted index entries are then cleaned up during a lull in database activity. However, if you
have a database that is always busy, you can run the REORGCHK utility to identify candidates for a cleanup via the
REORG utility. Additional ways that pseudodeleted entries can be cleaned up are as follows:

® During subsequent insert, update, or delete activity

® During key insertion, keys that are marked deleted and are known to be committed are cleaned up if such a
cleanup might avoid the need to perform a page split and prevent the index from increasing in size.

® [f there is an X lock on the table when a key is deleted, the key is physically deleted instead of just being
marked deleted. During this physical deletion, any deleted keys on the same page are also removed if they are
marked deleted and known to be committed.

® By executing the REORG INDEXES command with CLEANUP options specified. Refer to the definition of the REORG
utility in Chapter 7 for further details.

® Any rebuild of an index by one of the following utilities:
O REORG INDEXES when not using one of the CLEANUP options
O REORG TABLE when not using the INPLACE option
© IMPORT with the REPLACE option

O LOAD with the INDEXING MODE REBUILD option
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Type-2 Indexes and Next-Key Locking

Next-key locking for type-2 indexes occurs when a key is inserted into an index. During insertion of a key into an index
the row that corresponds to the key that will follow the new key in the index is locked only if that row is currently
locked by an RR scan. The lock mode used for the next-key lock is NW (Next Key Weak Exclusive). The next-key lock is
released before the key insertion is actually performed. Key insertion occurs when a row is inserted into a table.

Next-key locking with type-2 indexes can also occur when updates to columns in a row change the value of the index
key. When this happens, DB2 marks the original key value as deleted and the new key value is inserted into the index.

This is a significant improvement over type-1 indexes, where index key deletion requires an X lock on the next key and
the lock is held until commit time.
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http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

[ Team LiB ] (& Faavisva vt +]
Migration Considerations for Type-2 Indexes

All new indexes are created as type-2 indexes. The only exception to this is when you try and create a type-2 index on
a table that already has type-1 indexes. The new index will also be a type-1 index.

You can use the INSPECT command to find out what kind of indexes exist on a table. Refer to Chapter 7, Commands and
Utilities for detailed information on the INSPECT COMMAND. Type-1 indexes can be converted to type-2 indexes by
executing the REORG INDEXES command.

Type-2 indexes are required in order for you to use the following new features in v8:

® ONLINE Table Reorganization
® ONLINE Index Reorganization
® ONLINE LOAD

® MDC Clustering

® For elimination of most Next-Key locking problems
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Suggested Migration Strategy for Type-2 Indexes

You should prioritize your migration to type-2 indexes based on your business rules and priorities. Important tables that
you need to REORG ONLINE or LOAD ONLINE should be done first during your normal maintenance window or you may
need to schedule a maintenance window for these tables. The strategy you use depends on your environment and
operational procedures. The remaining indexes can be converted to type-2 as part of ongoing maintenance via utilities
that cause a rebuild of the index. Of course, you need to develop a strategy that works for you in your environment and
within your operational and business constraints.
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Multidimensional Clustering

MDC enables tables to be physically clustered on more than one dimension (key) simultaneously. To understand how
MDC works, it's helpful to understand the following definitions:

® A Dimension block index is an index that is automatically created for each dimension specified.

® A Composite block index is an index automatically created that contains all dimension key columns and will be
used to maintain the clustering of data over insert and update activity. This index will only be created if a single
dimension does not already contain all the dimension key columns. The optimizer can use both dimension block
indexes and composite block indexes to efficiently retrieve data.

® A Cell is made up of unique combinations of dimension values composed of blocks of pages, where a block is a
set of consecutive pages on disk.

® A Slice is a set of blocks containing pages having a certain key value of one of the dimension block indexes.

Every page of an MDC table is part of exactly one block, and all blocks of an MDC table consist of the same number of
pages. This is known as the Blocking Factor. The Blocking Factor is equal to the extent size so that block boundaries line
up with extent boundaries.

If you are using SMS table spaces for MDC tables, the SMS file (directory) is extended one page at a time. Since MDC
tables are extended by a block, you should run the db2empfa utility to enable multipage file allocation. With multipage
file allocation enabled, the SMS file will be extended by exactly the size required. This will significantly improve
performance of MDC tables using SMS table spaces.

Dimension block indexes are structured like traditional index structures except at the leaf level. Instead of using RID as
traditional indexes do, dimension block indexes at the index-leaf level use a Block Identifier (BID) instead. Because
BIDs point to blocks that can contain many pages, BID entries are much smaller than traditional RID index entries.

Here is a sample command to create an MDC table :

CREATE TABLE REGION

( Region INT NOT NULL,
YearAndMonth DATE
Region_Cde  INT NOT NULL,
Region_Cat INT NOT NULL,
Region_Sales INT NOT NULL,
Region_Perf  INT NOT NULL

)
ORGANIZE BY DIMENSIONS (REGION, YearAndMonth);
The ORGANIZE BY DIMENSION statement is what indicates this is an MDC table.

A typical implementation of an MDC table might be a table that stores sales data for a retailer. The table is clustered
along the dimensions YearAndMonth and Region. Records in the table are stored in blocks, which contain extents worth of
consecutive pages on disk. See Figure 5.1 for an example of an MDC table.

Figure 5.1. MDC table with dimensions of REGION and YearAndMonth.
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A block in Figure 5.1 is represented by a rectangle, and is numbered according to the logical order of allocated extents
in the table. The grid in the diagram represents the logical partitioning of these blocks, and each square represents a
logical cell. A column or row in the grid represents a slice for a particular dimension. Furthermore, all records containing
the value "South-central" in the region column are found in the blocks contained in the slice defined by the "South-
central" column in the grid. In fact, each block in this slice also only contains records having "South-central" in the
region field. Therefore, a block is contained in this slice or column of the grid if and only if it contains records having
'South-central' in the region field.

To provide for the indentification of which blocks comprise a slice, or which blocks contain all records having a particular
dimension key value, a dimension block index is automatically created for each dimension when the table is created.
See Figure 5.2 for an example of dimensions and dimension block indexes.

Figure 5.2. MDC table with dimension block indexes on REGION and YearAndMonth.

In Figure 5.2, a dimension block index is created for each dimension: one for YearAndMonth and one for REGION. A slice,
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or the set of blocks containing pages with all records having a particular key value in a dimension, will be represented in
the associated dimension block index by a BID list for that key value. Figure 5.3 is an example of how a dimension
block index on REGION would appear.

Figure 5.3. Dimension block index key on REGION.

Southcentral | 9 |16 18] 19]22] 24| 25|30]36]39]41]42]

Key Value BID List

The key is comprised of a key value, in our example "South-central," and a list of BIDs. Each BID contains a block
location. In our example the block numbers listed are the same that are found in the "South-central" slice found in the
grid for our Sales table. See Figure 5.4 for an example of the dimension block index on YearAndMonth.

Figure 5.4. Key for dimension block index on vearAndMonth.

9902 | 2| 5|7 |8 |14]15]17]18]|31]32]|33]43]

Key Value
BID

To find the list of blocks containing all records having "9902" for the YearAndMonth dimension, we would look up this
value in the YearAndMonth dimension block index.

Now that we have discussed dimension block indexes, we need to discuss another type of index, called a composite
block index. A composite block index is automatically created when multiple dimensions have been defined and it
contains all the dimension key columns and will be used to maintain the clustering of data over insert and update
activity.

In our example, a composite block index is created on YearAndMonth, REGION. See Figure 5.5 for an example composite
block index structure.

Figure 5.5. Composite block index structure.

In our example, if you want to find all records in the sales table having REGION of "Southwest" and YearAndMonth of
"9902," DB2 would look up the key value 9902, Southwest in the composite block index, as shown in Figure 5.6.

Figure 5.6. Key from composite block index on YearAndMonth, REGION.

9902 Southwest | 2 |15]17]31|33 | 43]

Key Value BID List

In this case we have six BIDs listed.
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MDC Table Consideratoins

For MDC tables, DB2 can find the intersection of slices using index ANDing on BID lists. DB2 can also do a mini-
relational scan of each block while scanning a list of blocks. This only involves one I/O per block as each block is stored
as an extent and can be read into the bufferpool as a unit. DB2 only has to reapply the predicates on one record in the
block as all records in the block are guaranteed to have the same dimension key values. If other predicates are present,
DB2 only needs to check these on the remaining records in the block.

MDC tables can also have regular RID-based indexes defined. Also, RID and block indexes can be combined by index
ANDing and ORing. MDC tables can also be used with database partitioning.

Queries involving columns with equality and range queries and columns with low cardinalities are good candidates for
MDC tables. MDC benchmark tests have shown that MDC can speed up certain queries by over 50%. An MDC table can
also take advantage of the LOAD utility. The loader understands the structure of an MDC table and so it will generate the
appropriate blocks. MDC will also take advantage of the free extents that may be created during delete activity. MDC
tables reclaim space after a delete by releasing the extent back to the tablespace for future use. And MDC tables do not
require reorganization.

Since MDC tables do not require reorganization and reclaim space, MDC tables offer significant availability
improvements over non-MDC tables. MDC offers significant performance improvements for range queries or when
selecting a group of records. These queries are typical of BI/DW environments, but can also benefit OLTP queries with
improved insert times.

MDC tables can also have traditional indexes, triggers, and referential integrity defined on them.
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Summary

Type-2 indexes offer improved performance through the elimination of most next key-locking. Type-2 indexes are also
key to facilitating many of the new availability enhancements in v8. Specifically, type-2 indexes are required for ONLINE
REORG of tables and indexes, MDC, and ONLINE LOAD.

Type-2 index migration considerations were discussed and a strategy provided.

MDC tables were introduced and examples provided. MDC tables can significantly improve performance and increase
availability by reclaiming deleted space and eliminate the requirement for frequent reorganization.

Type-2 indexes and MDC tables are key enablers for superior DB2 performance and availability.
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Chapter 6. High Performance Tablespace Design and
I/O Strategies

The physical layout of tablespaces over various types of disk topologies is a rather complex task and has been identified
as one of the areas where DBAs can make significant performance improvements if the complexities and technology
involved are understood. Along with that, DBAs are constantly trying to decide which type of tablespace is best;
Database Managed Space (DMS) or System Managed Space (SMS). Which type of RAID should be used? RAID 1, RAID
5, or the new RAID 0+1, or RAID 10 as it is referred to. Furthermore, when using RAID, we are faced with additional
questions such as, How do I stripe the tablespace? Or should I let the hardware take care of that for me? In that
respect, you then ask, "How does the use of the AIX Logical Volume Manager striping work with hardware RAID
striping?

In conjunction with all these questions, you then ask, How does DB2 use striping, and what effect does the
DB2_PARALLEL_IO registry variable have with RAID devices? And what about new technology that is just on the horizon
like InfiniBand?

My goal in this chapter is to answer all these questions and provide you with a framework to use when designing your
tablespaces and disk strategies for high performance. Additionally, we will take a look at existing I/O technologies, as

well as emerging I/0 technology that you will be able to take advantage of to provide a competitive advantage to your
company.
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Tablespaces

A tablespace is an object used to specify the physical location of data in a database. You can think of it as a layer
between the database and the actual container that holds table data. A container is assigned to a tablespace. This
assignment lets you specify the number and types of containers associated with a tablespace and allows you to control
the physical placement of data on disks during the physical design process. This capability ambles you to create
containers on faster disks for higher priority work, and create them on slower disks for lower priority work. Business
requirements should be taken into consideration when prioritizing container location. Tables exist within tablespaces. A
tablespace can contain one or many tables. There are three types of tablespaces in DB2 that can be specified when
creating tablespaces. They are defined as follows:

® REGULAR TABLESPACE— used to store user data, Long Data, or indexes. REGULAR is the default tablespace type.
By default a tablespace called USERSPACE1 is created when the CREATE DATABASE command is executed.

® | ARGE TABLESPACE— used to store Long Field data or Long Object data, which may be spread over multiple, long
tablespaces. In v8, indexes can also be created in large tablespaces. Note that LARGE tablespaces must be DMS.
The maximum size of a large tablespace is 2 TB.

There are two commands that we can use to list the characteristics and details regarding tablespaces. The first
command, LIST TABLESPACES SHOW DETAIL, returns a list of all tablespaces defined and includes the following detailed
information, as shown in Example 6.1.

Example 6.1 Output from LIST TABLESPACES SHOW DETAIL command.

For DMS tablespaces the output of this command can be used to determine the type of space management being used,
how full a tablespace is becoming, and how many containers are defined, as well as PAGESIZE, PREFETCHSIZE, and
EXTENTSIZE information that can be used in analyzing tablespace performance. You can use file system commands for
the appropriate operating system to monitor SMS tablespace usage.

You can use the LIST TABLESPACE CONTAINERS FOR 0 command to display the details associated with the tablespace with
an ID of 0 (see Example 6.2). The number and types of containers associated with the tablespace with an ID of 0 are
displayed.

Example 6.2 Output of LIST TABLESPACE CONTAINERS FOR 0 command.
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You can use the output of this command to find the names of the containers associated with the tablespace with an ID
of 0, and we can tell what kind of container is being used: a file, a path (directory), or a device. In this example, an AIX
Raw Logical volume (DMS device container) is being used.

Tables

Tables in DB2 contain rows of data that are organized into blocks called pages. Pages can be 4, 8, 16, or 32 KB in size.

Groups of pages are stored as extents and are used by DB2 when writing data to and prefetching from containers. DB2

uses extents to stripe data across multiple containers. Tables are created within tablespaces. There can be one or many
tables per tablespace.

We will discuss the advantages and disadvantages of single and multiple tablespaces later in the chapter.
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Storage Models

There are two types of tablespace storage models in DB2: System Managed Space (SMS) and Database Managed Space
(DMS).

System Managed Space

SMS containers are created as directories by the target operating system (OS). SMS containers are allocated one page
at a time, as needed (unless you have multipage file allocation enabled). This makes efficient use of disk storage but
incurs a performance penalty as a result of the time and resources used to allocate pages as needed. SMS tablespaces
are generally chosen according to the following criteria:

® Good performance is required
® Only small to moderate growth is expected
® Few or no DBAs available to administer the database

Page-at-a-time allocation can be changed so that extents are allocated instead of pages. This can be enabled by issuing
the db2empfa command from a command line. This causes SMS tablespaces to have extents at a time allocated and the
multipage_alloc informational DB CFG parameter set to YES to reflect the fact that the default behavior has been changed.
Note that once enabled, it cannot be reversed (db2empfa does not change the way temporary space is allocated in
System Temporary space).

By default, SYSCATSPACE and system temporary space (TEMPSPACEL) are created as SMS tablespaces. Since the DB2
catalog is relatively small and is infrequently updated, SMS is normally the right choice. The default system temporary
space, TEMPSPACE], is used for storing intermediate result sets and work tables when sorts or hash joins overflow from
SORTHEAP. System temporary space is also used when reorganizing tables in SMS tablespaces or using "classic" reorg
with temporary tablespace specified.

By default, an SMS system temporary tablespace called TEMPSPACEL1 is created at database creation. A system
temporary tablespace is required for DB2 to operate. The system temporary tablespace can be DMS or SMS. SMS is
generally adequate for most workloads. When absolute top performance is required, system temporary space may be
created as DMS. If you don't want to use TEMPSPACE1, you can create a new system temporary tablespace with a
different name and then drop TEMPSPACEL1.

HINT

Create system temporary tablespaces with multiple containers across multiple physical disks to exploit
opportunities for parallel I/O. Do not create more than one system temporary tablespace per page size.

NOTE

The maximum size of a regular tablespace depends on the page size being used. For 4 KB pages the
maximum is 64 GB and for 8 KB pages, 128 GB.

Database Managed Space

In DMS tablespaces, DB2 can use either DMS file containers or DMS devices (raw logical volumes). DMS file containers
are allocated in extents over physical disk storage and make use of file system and database manager buffering. This is
known as "double buffering." DMS file containers allocate all specified space at container creation. A DMS tablespace
can have one or many containers associated with it. On the other hand, DMS device containers are managed by the
database manager, do not use file system buffering, and generally outperform all other types of tablespaces.

Criteria for Choosing DMS
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DMS tablespaces should generally be used when your requirements meet the following criteria:

® ALWAYS, when top performance is required

® For separation of data and indexes over multiple physical disks
® Data is expected to grow on a regular basis

® To use RAW devices for performance gain

® Separation of regular and long data is desired

® Sufficient DBA resources are available

When in doubt and performance is the overriding factor, use DMS tablespace raw logical volumes. Table 6.1 lists the
container types for SMS and DMS tablespaces.

Table 6.1. SMS and DMS Container Types

Type of Container SMS DMS
Directory X
File X
Device X

Extents

Tablespace Pages are allocated in extents. The EXTENTSIZE is specified on the CREATE TABLESPACE command. If not
specified the EXTENTSIZE is controlled by the DFT_EXTENT_SZ DB CFG parameter. The EXTENTSIZE is the unit of allocation
in DB2 and extents are comprised of pages. Extents are used by DB2 when writing data to and from containers.

NOTE

Once the EXTENTSIZE is defined for a tablespace it cannot be altered.

When multiple containers are defined, DB2 writes extents to each container in a round-robin fashion. DB2 implements
striping by writing extents to each container defined. See Figure 6.1 for an example of how extents are written to
multiple containers.

Figure 6.1. Example of DB2 using round.robin striping.


http://www.colorpilot.com/chm2pdf.html

This document is created with a trial version of CHM2PDF Pilot
http://www.colorpilot.com

Figure 6.1 depicts how DB2 writes extent 1 to Container 1, then extent 2 to Container 2 and extent 3 to Container 3,
and then extent 4 back to Container 1 in a round-robin fashion.

NOTE

In an SMS tablespace, if any container becomes full, then the entire tablespace is considered full, and no
more data can be added.

NOTE

The maximum size of a temporary tablespace is 2TB.

Choosing an Extent Size

Several factors need to be taken into consideration when choosing the extent size for a tablespace. DB2 allocates two
extents for each object defined for a DMS tablespace. If you are using many small tables, then this two extent overhead
can use a significant amount of space. In this case, an SMS tablespace that allocates a page at a time is a better choice.

However, if you have large tables where data is constantly being added and the tablespace is DMS, then if you use a
small EXTENTSIZE, many extents would now be needed that would require additional overhead to retrieve the frequently
needed new extents.

How the table will be accessed is another primary concern when determining the EXTENTSIZE. If large amounts of data
will be accessed in a sequential manner, as with data warehousing, then a larger EXTENTSIZE would be appropriate. This
would improve the performance of sequential prefetch as larger extents would enable more data to be processed per
I/0 request.

On the other hand, in an OLTP environment, queries typically only return a small amount of data in a random manner.
Here, a smaller EXTENTSIZE would bring fewer pages into the bufferpool. Since OLTP typically processes data randomly,
only retrieving a row or so at a time, a large EXTENTSIZE would result in too many pages being fetched into the
bufferpool that are not needed by the application.

NOTE

Specifying proper EXTENTSIZE is critical to the performance of your DB2 applications. In conjunction with
PREFETCHSIZE, DB2 issues multiple EXTENTSIZE 1/O requests.
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Prefetching

DB2 uses a technique called sequential prefetch when accessing data in a sequential manner. DB2 issues asynchronous
sequential prefetch requests to bring data into the bufferpool in advance of the application needing it. Thus, DB2
anticipates that the application is accessing data that is sequential, similar to a table scan, and provides improved
application performance as the application does not have to wait for data. DB2 recognizes this at bind (Static SQL) or
prepare time (Dynamic SQL) and incorporates sequential prefetch into the access plan developed.

DB2 can also detect that data is being accessed in a sequential manner at run time. This is called "sequential

detection." This behavior is controlled by the seqdetect DB CFG parameter. By default it is enabled. In most cases, this
should not be changed.

WARNING
If the DB CFG parameter intra_parallel is enabled, DB2 will perform more aggressive prefetching as the

prefetching algorithm tolerates wider gaps between pages. Make sure you have sufficient I/O bandwidth
and additional physical disks if you enable this parameter.

Prefetching Performance

The EXTENTSIZE, PREFETCHSIZE, and container layout on a disk are important factors in determining prefetch
performance and therefore, to a large extent, the overall performance of the database. When developing a prefetch
request, DB2 considers the EXTENTSIZE, PREFETCHSIZE, and number of containers and develops appropriate I/0
requests. If tablespace containers are allocated over separate physical disks (disk actuators or arms), DB2 can issue
parallel read requests, resulting in improved performance. Note that the Database Manager Bufferpool Services
component may reject prefetch requests if it determines that pages that are currently or likely to be used by executing
applications would be invalidated by the pages coming in. Thus, prefetching that is too aggressive can hurt
performance, not help it. An EXTENTSIZE of 32 is generally a good starting point for most applications. For Data
Warehouses, a larger extentsize can be beneficial due to the large amount of data processed sequentially.

The number of EXTENTSIZE prefetch requests that DB2 may issue can be determined using the following formula:
PREFETCHSIZE + EXTENTSIZE = number of EXTENTSIZE prefetch requests

For example, for a three container tablespace with an PREFETCHSIZE of 96, then
96 + 32 = 3 EXTENTSIZE prefetch requests will be issued.

If the three containers are allocated over separate physical disks or ranks in the case of ESS, parallel I/O will be used
using multiple prefetchers. As a rule of thumb, set the PREFETCHSIZE to a multiple of the EXTENTSIZE times the number
of containers defined for the tablespace.

NOTE

The number of pages prefetched per request into the bufferpool should be close to or equal to the extent
size.

If the number of pages prefetched per request are less than the extent size, the following conditions may exist:

® bufferpool overheated

® bufferpool is too small or can't be increased due to resource constraints
® extent size too large

® prefetch size too large

In Chapter 8, "Tuning Bufferpools,"” we will see how to determine if these conditions exist.
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Tables and Tablespace Considerations

One of the most often asked questions is, "How many tables per tablespace should I use?" or "Should I use one table
per tablespace for a particular application?"

I'll point out the advantages and disadvantages of single or multitable tablespaces.

Most ERP and CRM independent software vendor (ISV) packages for DB2 use the multitable-per-tablespace approach.
This approach is used for the following reasons:

® Fase of administration for companies without DBAs
® Ease of administration by DBAs

® Easier packaging of DDL and scripts

® Ease of installation

Also, most ISVs are now providing separate tablespaces for indexes so that they can be placed on different physical
disks and assigned to different bufferpools. However, there are some potential disadvantages of using multiple tables
per tablespace:

® potential performance degradation when multiple tables in the same tablespace on the same physical disks are
being accessed concurrently

® Recovery considerations

O While a tablespace is being recovered, all tables in the tablespace are inaccessible until the recovery
and copy is complete.

NOTE

DB2 v8 online load only locks the table being loaded. Prior to v8, the tablespace was locked and all tables
in the tablespace were inaccessible until the load completed.

Potential disadvantages of using a single table-per-tablespace strategy:

® Backup and recovery considerations
O Tables with Referential Integrity involved will need to be backed up together
O Requires additional administration to manage

® Numbers of tablespaces
O Several thousand tablespaces could present an administrative challenge

A good solution is to use a strategy that includes a mix of single and multiple tables-per-tablespace so that business
objectives are accomplished. To that end, high priority tables should be placed in separate tablespaces as well as on
separate disks and bufferpools.
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The Life of an I/O Request

DB2 issues I/0 requests via the OS Kernel routines. If SMS or DMS file containers are being used, these requests go
through the OS file system code. If DMS device containers are used, DB2 issues I/O requests that are passed to the
appropriate device drivers by the OS Kernel. The file system is not used in this case. In either case, the actual request

is transferred to the host adapter. Figure 6.2 is an example of an I/O request using the Small Computer System
Interface (SCSI).

Figure 6.2. The life of an I/0.

In Figure 6.2, DB2 issues a call (I/O request) to the OS. The OS Kernel routine passes the request to either the OS file
system, or in the case of DMS devices, directly to the SCSI device driver. The SCSI device driver sends the appropriate
SCSI command to the target device. The target device receives the request and immediately checks its own internal
buffers for the data; if not found, the device must perform a disk seek operation to retrieve the requested data. The
device issues the seek and disconnects from the bus to wait for the seek to complete. In the meantime another request
can be sent by the adapter over the bus to a different disk. The second disk device receives the request, checks its own
buffer, and starts the seek to retrieve the data and disconnect from the bus. In the meantime, the seek to the first
device completes and this device gains control of the bus and transfers the data. The I/O operation is thus complete.

It is important to note that Figure 6.2 illustrates a single request; however the process works the same way for multiple
requests. Multiple requests can be processed if containers are on separate physical disks. DB2 will use a separate
prefetcher per container.

In that case, while the first disk is seeking and has given up control of the bus, the next request from the queue is
processed, for example, to Disk2. Disk2 checks its buffer and has to do a seek, causing it to give up control of the bus.
Meanwhile, the I/0 on Diskl completes so Disk1l can now transfer the data while Disk2 seeks, and so on. See Figure 6.3
for a sample tablespace disk layout.

Figure 6.3. Sample disk layout.
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In the example, three physical disks enable multiple disk seek operations to occur. And, having the data spread over
three host adapters ensures that required throughput and high availability can be attained. These disks are configured
in a RAID-1 configuration. However, the second copy of the data is not shown. In the next section, we show an example
that illustrates how to design and configure tablespaces in a RAID-5 ESS environment.
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Redundant Array of Independent Disks (RAID)

The term "RAID" was first coined by researchers at UC-Berkeley. Since then it has been implemented in various levels
by many storage vendors. There are various "types" or "levels" of RAID implementations, some vendors even
developing their own "levels." It is in widespread use for enterprise database applications. However, its various levels
and implementations are somewhat misunderstood by IT professionals. Further complicating its implementation are the
myriad of various vendor storage "black box" solutions in use today, and the lack of documentation regarding how to
lay out DB2 tablespaces on these devices.

The RAID Advisory Board (RAB) is an industry organization comprised of major hardware and software vendors. The
RAB coordinates and influences industry directions and standards and promulgates RAID terminology and concepts
throughout the IT industry.

In Table 6.2, I have included the most common attributes for the well-known RAID levels.

Table 6.2. RAID Levels

RAID Type Striping Mirroring Parity Performance Data Protection
RAID-0 X
RAID-1 X X (Read) X
RAID-5 X X X (Read) X
RAID-10 (0+1) X X X (Read & Write) X

The most common RAID types used with DB2 are RAID-1 and RAID-5. RAID-0+1, or RAID-10 as it is also known,
provides the performance of RAID-0, the mirroring of RAID-1, and is becoming fairly common.

I'll discuss the details of the most popular implementations in use today, RAID-1, RAID-5, and RAID-10 (0+1).

RAID-1 implements mirroring. Two identical copies of the data are stored on two drives. If one drive fails, the other is
used. This provides a level of fault tolerance and data integrity. However, it requires twice as many disks to implement
than just a bunch of disks (JOBDS) to store the second copy of the data. When using RAID-1 with AIX there are three
important AIX LVM parameters that need to be considered: Write_Scheduling_Policy and Mirror Write Consistency.
Write_Scheduling_Policy controls how writes are written to disk. It can be set to parallel or sequential. The default,
parallel, should be used so that writes to both disks will be done in parallel and DB2 doesn't have to wait for the second
write to complete. If set to sequential, the write is not considered complete until the write to the last copy completes.
This would cause DB2 to wait, which is not desirable. The Write Verify parameter controls whether or not the AIX LVM
verifies whether a write was successful. If enabled, the LVM would perform a READ for every write that was performed.
This unnecessarily impacts writes, is not enabled by default, and should not be used.

Mirror Write Consistency (MWC) ensures that the data is consistent (the same) across ALL mirrored copies. In the event
of a system crash or improper shutdown, MWC is used by AIX to identify copies that are inconsistent. These copies are
marked as "stale" at boot time and the MWC is used to make copies consistent. If disabled, the volume groups
containing such logical volumes need to have their autovaryon capability disabled and then after the system comes
back up, each mirrored logical volume would need to be resynchronized by running the syncvqg -f -1 command. It is
enabled by default and the default should be used with the exception of volumes containing DB2 logs. MWC requires
that every write consist of two operations, one to write the data and one to update the MWC cache record, which is
located on the outer edge of the disk.

Logical volumes with MWC enabled should be created on the outer edge of the disk, as that is where the MWC cache is
stored. This will minimize disk head movement when performing writes.

RAID-5

RAID-5 is by far the most popular RAID level in use today. RAID-5 uses block level stripping with distributed parity and
provides a high level of fault tolerance and high availability. Unlike RAID-3, RAID-5 writes data and parity across all the
drives. This prevents one disk from becoming a bottleneck when writing parity information. However, the parity
information still has to be calculated, so there is overhead involved. Fault tolerance is maintained by keeping the parity
block separated from the data block. That way if one drive fails, all the data on that drive can be rebuilt from the parity
information stored across the array. When a disk in the array fails, the data and parity are automatically rebuilt by the
RAID controller. Note that an application slowdown may occur during the rebuild period, but improvements in the size
of controller cache and controller improvements have continued to reduce the effects of the performance degradation
during rebuild time. RAID-5 requires a minimum of three disks to implement.

While offering high availability and a good price/performance ratio, RAID-5 does have a "write penalty" associated with
it. Each write to the array requires four I/O operations:

1. Read old data
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2. Record old parity
3. Write new data
4. Write new parity

However, fast write cache (FWC), which is now fairly common with RAID adaptors, can reduce the effects of the write
penalty. FWC enables parity information for writes to be calculated without reading old parity data from disks in many
cases. Therefore, the effects of the write penalty are not as significant as it used to be.

Since a RAID-5 array is comprised of some number of physical disks, top priority tablespaces should be allocated to
only one such array. This enables parallel I/O to be used as the data is spread over multiple physical disks in the array.
Set the DB2_Parallel_IO registry variable to * or include a list of TS IDs to enable parallel I/O against single container
tablespaces on RAID-5. If you allocate multiple tablespace containers to the same array and the data from one or more
tables in these tablespaces is needed at the same time, IO delays will occur as I/O requests will be distributed to the
same physical disks. Now you say, "We just don't have the luxury of dedicating space like this." If that is the case, then
at least allocate TS containers over the same array that have dissimilar access characteristics and that are not accessed
at the same time. This will reduce contention and improve performance. This applies to containers on RAID-1 and
RAID-5.

The DB2_STRIPED_CONTAINERS registry variable is obsolete in DB2 v8. Instead, the former DB2_STRIPED_CONTAINERS =
YES behavior is now the default behavior used in creating tablespace containers. The container page tag is now
allocated by default in a full extent instead of just a page. The new v8 DB2_USE_PAGE_CONTAINER_TAG registry variable
can be used to revert to the pre-v8 behavior where the container page tag uses only a partial extent. However, this is
not recommended. When the EXTENTSIZE is lined up with the RAID stripe size, DB2 can use parallel I/O and save I/O
operations as the tablespace EXTENTSIZE is aligned with the RAID stripe size, which causes DB2 data to be striped
across RAID arrays with extents aligned with the RAID stripe size. If the EXTENTSIZE is not equal to or a multiple of the
RAID stripe size, additional I/O may be required.

NOTE

DB2 v8 allocates page container tags in the first extent of each DMS container. Before v8, the container
tag was stored in a single page, and did not line up with RAID stripes, which caused more I/O than was
necessary. Do not change the setting of the DB2_USE_PAGE _CONTAINER_TAG registry variable!

See Figures 6.4 and 6.5 for an example of the performance benefits gained by DB2 v8 allocating the container tag in a
full extent versus the previous default behavior, which caused extents to not line up with the RAID stripe size.

Figure 6.4. Pre-DB2 v8 default behavior without pB2_sTRIPED_CONTAINERS enabled.

Figure 6.5. New DB2 v8 default behavior.
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As indicated in Figure 6.4, since the tablespace EXTENTSIZE is not equal to or a multiple of the RAID stripe size,
additional I/Os will be required as DB2 retrieves data by extent. In Figure 6.5, we can observe the improvement in I/O
by aligning the EXTENTSIZE with the RAID STRIPE size, which enables DB2 to retrieve the data much more efficiently,
driving six parallel EXTENT-SIZE prefetch requests at a time.

Aligning the container tag in a full extent benefits DMS raw devices the most as DB2 ensures that pages are contiguous
on the device. With DMS file containers, DB2 will use a complete extent for the container tag, but since DB2 is using the
OS file system, DB2 cannot ensure that the pages are contiguous. This is controlled by the OS file system and is subject
to fragmentation.
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Tablespace Container Management

Although we as DBAs attempt to obtain accurate tablespace sizing information as part of the physical design process,
oftentimes the data is not available and we have to take an educated guess. Sometimes our educated guess is incorrect
or we may have been given erroneous data, or the data is just growing a lot faster than anticipated. In these cases we
need the ability to add containers, resize, or drop containers to support the changing data requirements. For SMS
Managed Space, the only change that can be made is through a redirected restore. During a redirected restore,
additional directory containers can be added or removed.

For DMS Managed Space, we have more options and flexibility with which to deal with space problems.
NOTE

DB2 v8 offers the ability to add DMS container(s) so that a rebalance does not occur. Using the command
BEGIN NEW STRIPE SET we can add a new container above the high water mark so that a rebalance does not
occur.
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DB2 and IBM Enterprise Storage System (ESS SHARK)

IBM first shipped the SHARK, as ESS is known, in 1999. If you were one of those lucky first customers, then your
SHARK may have even had a SHARK fin on top of it!

The ESS uses RAID-5 (prior to Model 800) and consists of arrays containing physical disks. The examples in this chapter
are based on an F20 ESS. To AIX, these disks appear as hdisks. There are many ways that ranks, arrays, and disks can
be configured. I'll cover the main points you need to know to be able to properly lay out your tablespaces with
performance in mind. My goal in this section is not to make you an ESS expert, but to provide you with enough
information to help you get good performance in environments where you are using ESS in support of DB2.

ESS Terminology

When discussing how to lay out tablespace containers on ESS, it's helpful to understand the terminology used. I'll
identify and discuss the key terms you need to know as a DBA.

® STRIP— in storage terminology, a "STRIP" is a stripe that exists on a single device. We can think of this as an
extent in DB2.

® STRIPE WIDTH— the number of DB2 containers spread across multiple physical disks.

® ESS LOGICAL DISK— an array comprised of 7+P array (7+P means 7 disks + 1 parity make up the array).
So, for example, four DB2 containers residing on four ESS logical disks would have data spread across 32
physical disks. This arrangement would result in DB2 being able to drive 32 I/O operations at once.

® VPATH— an entity built by SDD to represent an ESS logical disk to the OS. Vpaths enable SDD to balance I/0
across multiple paths and to reroute traffic to good paths in the event of path failure.

Cache Management

In ESS, each cluster manages cluster cache and nonvolatile storage (NVS). With the latest ESS Model 800 supporting
up to 64 GB of cache, database performance will benefit more as more data will be found in the cache and less access
to physical disks will be required.

Whenever reads from or writes to an ESS occur, a copy of the data is stored in cluster cache. This is in anticipation of
the data being re-referenced from the cache. Data in the cache ages and is subsequently removed from the cache when
the caching algorithm determines it is unlikely to be referenced again during a predetermined time interval. Modified
data is destaged from the cluster cache to the RAID arrays and changes to the data are made permanent.

The ESS cache management algorithms take into consideration data access patterns. For random reads, ESS will use a
record-caching strategy, which means a DB2 page will be read into the cache. When nearby physical records are also
accessed, this will be detected and the ESS sequential access algorithms will use a "track-caching" strategy, which
results in ESS staging additional data into the cache, corresponding to an ESS logical track.

NOTE

An ESS logical track is the same as the physical stripe size, approximately 32 KB for SCSI and Fibre-
Channel attached hosts.

Since DB2 accesses data sequentially for table scans, and more so in a DW environment, ESS has been designed to
detect and optimize sequential access patterns by detecting this activity and prestaging the data into ESS cache. So
with ESS, we have DB2-sequential prefetch on top of ESS asynchronous prefetching into ESS cache. Simply stated, DB2
detects and recognizes sequential access and invokes sequential prefetch as part of the access plan or uses sequential
detection in anticipation that the application is accessing data sequentially. At the same time, ESS is prefetching data in
advance into ESS cache. This DB2 and ESS working together provides substantial performance improvements for
applications that process large amounts of data sequentially.

ESS manages the cache so a balanced efficiency is achieved between sequential and random access requests,
preventing just one or two sequential applications from monopolizing the cache.
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ESS manages sequential writes by converting RAID-5 sequential writes into RAID-3 operations. This is accomplished by
the ESS cache manager and disk adapter writing the data from NVS and cluster cache to the disks in parallel, while at
the same time internally calculating parity and sending it to a disk. This technique eliminates the RAID-5 write penalty
previously discussed.

Nonvolatile Storage

NVS provides protection for modified data in case of a cluster failure. The NVS for each cluster is physically maintained
within the other cluster. In this way, the surviving cluster contains all of the cache-modified data. When DB2 writes a
record, ESS stores two copies of the record in cache (one in cluster cache and the other in NVS) and immediately
indicates that the write is complete when both copies are stored safely. The record is doubly protected at this point.
When the data is destaged from cache to disk (and thereby doubly protected by RAID-5), the storage in the NVS is
available for reuse by another application.

To AIX without ESS, each individual fixed-disk drive is called a physical volume (PV) and has a name. These PVs
correspond to specific hdisks. With ESS using Subsystem DeviceDriver (SDD), which enables virtual pathing, each hdisk
represents one path to an ESS logical disk. The PV is represented by the vpath name.

So in an AIX, ESS implementation, PVs identifying ESS storage are not physical devices. They represent logical devices
that are striped across multiple disk drives.

At the simplest level, a logical disk consists of a 7+P+S RAID array. The +S signifies a "spare" disk. In ESS, this disk is
free-floating between arrays. A SCSI ID is assigned to each array. A logical unit (LUN) is a subdivision under a SCSI ID.
Each SCSI ID can have up to eight LUNs assigned to it; that's why a logical disk has eight disks associated with it. DB2
data is striped across all disks in the array and all the disks in the array can be used for parallel I/O by using a SCSI
technique called command-tag queueing.

Internally, ESS uses Serial Storage Architecture (SSA) for performing disk I/O. SSA disks are configured to provide
redundancy and use a loop configuration with multiple adapters. In ESS, almost all RAID functions are performed by the
SSA disk adapters. Parity generation, disk rebuild, and sparing are all done at the SSA adapter level. This provides
improved performance by offloading these functions from the CPU and cache.

ESS uses clustering to tie two clusters together. In ESS, a cluster is a collection of processors, cache, NVS, and SSA
disk adapters. Each ESS contains two clusters. Each cluster controls one half of the storage within the ESS, but can
assume control of the other half if its partner should fail. Each cluster owns separate cache, disk adapters, and arrays,
so under normal conditions does not affect the performance of the other cluster. The clusters even run separate kernels
and communicate via an internal network connection. The ESS Web interface tool, ESS Specialist, is used to manage
clusters.

Configuring DB2 for Optimal Performance on ESS
There are five general rules to follow when defining DB2 tablespaces on ESS:

® Know where your data resides and understand how DB2 containers map to ESS logical disks. Spread data
across as many RAID arrays as possible.

® Balance the workload across ESS resources. Establish a method with which to control the allocation of
containers, based on business priorities.

® Use the inherent striping of DB2, placing containers for tablespaces on separate ESS logical disks, which reside
on separate ESS RAID arrays. This will eliminate the need for using underlying OS logical volume manager
striping.

® Select an ESS logical disk size that allows for granularity and growth without proliferating the number of logical
disks. Eight logical disks is a good number for most environments.

® Use ESS multipathing along with DB2 striping to help balance use of Fibre Channel or SCSI paths.

Let us take a look at the cardinal rule, knowing where your data resides. The key to this is balancing the I/O workload
across available resources. Keep these tips in mind to help balance activity across ESS storage:

1. Span ESS cabinets

2. Span clusters within a cabinet

3. Span disk adapters

4. Use as many arrays as possible (maximizes parallelism)

See Figure 6.6, which illustrates the implementation of the above tips.
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Figure 6.6. How to layout tablespace containers over multiple ESS resources.

In Figure 6.6, we have a tablespace with eight containers that has been spread across multiple physical disks, adapters,
and ESS systems. This container strategy provides multiple paths and disks for high performance, and multiple host
adapters, paths, and even ESS systems for very high availability. Today's demanding business applications require
similar configurations to provide true 24 x 7 availability.

IBM ESS tests have shown that data, indexes, and System Temporary Tablespace can be intermixed across logical
disks. This results in I/O activity evenly spread across all the components involved, which inherently makes more disk
arms available to each of these objects. However, do not place tablespace containers that have multiple tables per
tablespace and that are accessed in the same SQL statement on the same logical disk. This would cause contention on
the underlying disk drives.

Tying It All Together

Since ESS elements appear to the OS as if they are PVs, but really aren't, some tools are provided with ESS that allow
you to tie together the underlying ESS structure and OS level structure. Additionally, SDD provides a view into the
underlying storage structure that will help you to associate AIX resources and terms with the underlying ESS structure.

ESS Storwatch Specialist

StorWatch Specialist enables you to configure and review your logical disk layout. See Figure 6.7 for an example
StorWatch Specialist view.

Figure 6.7. ESS StorWatch Specialist.
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StorWatch Specialist can show you how much space has been set aside for a logical disk and show, vpath, and volume
information that will enable you and your storage specialist to map from AIX to the ESS and back.

Figure 6.8 is an example that shows how AIX resources are mapped to vpaths and logical disks.

Figure 6.8. Example of mapping hdisks to virtual paths.

In Figure 6.8, you can see how hdisks (from iostat) translate into a vpath and then how that vpath is tied to an ESS logical
disk.
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Keeping a Map of Your Database

You should always have a current map of how your tablespaces are laid out on your storage devices. Such a map will
help you map from DB2 through AIX and the AIX LVM, the SDD software, and the ESS support software. Table 6.3 lists
where and how to get and record information for such a map.

Table 6.3. ESS/AIX Storage Layout Map

Source Command Description
DB2 List tablespace containers Provides a listing of the OS device name used as the DB2
container.
AIX Mount or cat/etc/fi