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About This
Document

e “Purpose of This Document” on page Xi
e “Audience” on page Xi
e “How This Document Is Organized” on page Xii
For general information about the Cloudscape documentation, such as a complete

list of books, conventions, and further reading, dsieg the Cloudscape
Documentation.

Purpose of This Document

This book;Tuning Cloudscape, explains how to set properties in Cloudscape, which

is how you configure and tune systems, databases, specific tables and indexes, and
gueries. It also provides performance tuning tips and an in-depth study of query
optimization and performance issues.

Audience

This book is a reference for Cloudscape users, typically application developers.
Cloudscape users who are not familiar with the SQL standard or the Java™
programming language will benefit from consulting books on those topics.

Xi



Xii

About This Document

Cloudscape users who want a how-to approach to working with Cloudscape or an
introduction to Cloudscape concepts should read the Cloudscape Developer’s
Guide This book is for users who want to optimize and tune their application’s

performance.

How This Document Is Organized

This document includes the following chapters:

Chapter 1, “Working with Cloudscape Properties”
An overview of how you set properties.

Chapter 2, “Performance Tips and Tricks”
Quick tips on how to improve the performance of Cloudscape applications.

Chapter 3, “Tuning Databases and Applications”
A more in-depth discussion of how to improve the performance of
Cloudscape applications.

Chapter 4, “DML Statements and Performance”
Anin-depth study of how Cloudscape executes queries, how the optimizer
works, and how to tune query execution.

Chapter 5, “Cloudscape Properties”
Reference on Cloudscape properties.

Chapter 6, “Optimizer Overrides”
Reference on special properties that override the optimizer’s decisions
about the execution of a specific query.

Appendix A, “Internal Language Transformations”
Reference on how Cloudscape internally transforms some SQL-J
statements for performance reasons. Not of interest to the general user.
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1 Working with
Cloudscape Properties

This chapter includes the following sections:

* “Properties Overview” on page 1-1
«  “Ways of Setting Cloudscape Properties” on page 1-4
e “Properties Case Study” on page 1-11

Properties Overview

Cloudscape lets you configure behavior or attributes of a system, a specific
database, or a specitionglomerate (a table or index) through the use of properties.

Examples of behavior or attributes that you can configure are:

* Whether to authorize users

» Page size of tables and indexes

* Where and whether to create an error log

* Which databases in the system to boot
In addition, you may sometimes be able to use properties to affect something as
specific as the access path for the execution of a single query. See “Overriding the

Optimizer” on page 4-25 for a discussion of how these properties are used. This
chapter does not discuss that type of property, which you set in a different way.

For reference information about specific properties, see Chapter 5, “Cloudscape
Properties”.
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Working with Cloudscape Properties

Scope of Properties

You use properties to configure a Cloudscape system, database, or conglomerate.

e system-wide
Most propertiescan be set on asystem-widbasis; that is, you set aproperty
for the entire system and all its databases and conglomerates, if thisis
applicable. Some properties, such aserror handling and automatic booting,
can be configured only in this way, since they apply to the entire system.
(For information about the Cloudscape system, see “Cloudscape System”
on page 2-5 of th€loudscape Developer’'s Guidle

When you changethese properties, they affect any tablesor indexes created
afterthis change.

» database-wide
Some properties can also be set on a database-widdasis. That is, the
property istrue for the selected database only and not for the other
databasesin the system unlessit is set individually within each of them. In
addition, in order to publish properties to target databases in a distributed
system, you publish them as database-wide properties.

When you changethese properties, they affect any tablesor indexescreated
afterthis change.

» conglomerate-specific
Finally, some properties can also be set on a conglomerate-specifibasis.
When set this way, these properties are true for the selected conglomerate
only, and not for the other conglomeratesin the database or system. These
storage-rel ated properties take effect at table or index creation, and cannot
be changed during the lifetime of the conglomerate. (The properties of a
table at a source are aways automatically propagated to the target. For
example, when you add atable to a publication, that table retains the
properties of the table at the source, whether you have set those properties
for the specific conglomerate or the table has inherited some database- or
system-wide settings.)

Persistence of Properties

A database-wide property always has persistence. That is, itsvalueis stored in the
database. Typically, it isin effect until you explicitly change the property or until
you set asystem-wide property with precedence over database-wide properties (see
“Precedence of Properties” on page 1-3).

Tuning Cloudscape



Properties Overview 1-3

A system-wide property may or may not have persistence, depending on how you
setit. If you set it programmatically, it persistsonly for the duration of the VM of
the application that set it. If you set it in the cloudscape.propertiesfile, a property
persists until:

e that value is changed
e the file is removed from the system
« the database is booted outside of that system

Precedence of Properties

The search order for properties is:

1 Conglomerate-specific properties

2 System-wide properties set programmatically (as a command-line option
to the JVM when starting the application or within application code)

3 Database-wide properties
4 System-wide properties set in ttleudscape.properties file

This means, for example, that storage properties set for a specific conglomerate
override all system-wide and database-wide storage properties; that system-wide
properties set programmatically override database-wide properties and system-
wide properties set in thetoudscape.properties file, and that database-wide
properties override system-wide properties set irthhascape.properties file.

Protection of Database-Wide Properties

There is one important exception to the search order for properties described above:
When you set theloudscape.database.propertiesOnly property tarue, database-
wide properties cannot be overridden by system-wide properties.

This property ensures that a database’s environment cannot be modified by the
environment in which it is booted. Typically, most databases that are distributed or
synchronization targets require this property to be seté Many applications
running in an embedded environment may set this property to true for security
reasons.

Cloudscape Version 3.0



Working with Cloudscape Properties

Dynamic vs. Static Properties

Most properties are dynamic; that means you can set them while Cloudscapeis
running, and their values change without requiring areboot of Cloudscape. In some
cases, this change takes placeimmediately; in some cases, it takes place at the next
connection.

Some properties are static, which means you cannot change their values while
Cloudscape is running. You must restart or set them before (or while) starting
Cloudscape.

For moreinformation, see“Dynamic or Static Changes to Properties” on page 1-10.

Ways of Setting Cloudscape Properties

This section covers the different ways of setting properties.
« “System-Wide Properties” on page 1-4
e ‘“Database-Wide Properties” on page 1-7
« “Conglomerate-Specific Properties” on page 1-8
e “In a Client/Server Environment” on page 1-10
* “Dynamic or Static Changes to Properties” on page 1-10

System-Wide Properties

You can set system-wide properties programmatically (as a command-line option
to the JVM when starting the application or within application code) or in the text
file cloudscape.properties.

Programmatically

You can set properties programmatically—either in application code before
booting the Cloudscape driver or as a command-line option to the JVM when
booting the application that starts up Cloudscape. When you set properties
programmatically, these properties persist only for the duration of the application.
Properties set programmatically are not written tatbadscape.propertiesfile or

made persistent in any other way by Cloudscape.

Tuning Cloudscape



Ways of Setting Cloudscape Properties 1-5

NOTE: Setting properties programmatically works only for the application that
starts up Cloudscape—for example, for an application in an embedde
environment or for the application server that starts up a server produgt. It
does not work for client applications connecting to a running server.

L

As a Parameter to the JVM Command Line

You can set system-wide properties as parameters to the JVM command line when
starting up the application or framework in which Cloudscape is embedded.

» JavaSoft and SunSoft JDKs
With the JavaSoft and SunSoft JDK's, you set JV M system properties using
a-D flag on the Java command line. For example:

java -Dcl oudscape. syst em hone=C: \ hone\ j brs\
- Dcl oudscape. st or age. pageSi ze=8192 JDBCTest

* Microsoft SDK
With the Microsoft SDK, you set VM system properties using a/d: flag
on the jview command line. For example:

jview /d:cloudscape. syst em home=C: \ home\ j brrs\ JDBCTest

For other JVMs, see the JV M-specific documentation on setting system properties.

Using a Properties Object Within an Application or Statement

In embedded mode, your application runsin the same JVM as Cloudscape, so you
can al so set system propertieswithin an application using aPropertiesobject before
loading the Cloudscape JDBC driver. The following exampl e sets
cloudscape.system.horme Windows:

Properties p = System getProperties();

p. put ("cl oudscape. syst em honme", "C:\databases\tours");

In client/server mode, you can accomplish the same thing within an SQL-J
statement (this works in embedded mode, too):

CALL (CLASS java.l ang. System) . getProperties(). put(
' ¢l oudscape. st or age. pageSi ze’, '1024’)

NOTE: You cannot set any static system-wide properties (which require you to
reboot Cloudscape) in an SQL-Jstatement. cloudscape.system.hoisene
of those properties.

NOTE: If you passin aPropertiesobject as an argument to the
DriverManager.getConnectiotall when connecting to a database, those

Cloudscape Version 3.0



Working with Cloudscape Properties

properties are used as database connection URL attributes, not as
properties of the type discussed in this book.

In the cloudscape.properties File

You can set persistent system-wide propertiesin atext file called
cloudscape.properties, which lives in the directory specified by the
cloudscape.system.home property. There should be one cloudscape.propertiesfile
per system, not per database. Thefilelivesin the system directory. In aclient/server
environment, that directory is on the server. (For more information about a
Cloudscape system and the system directory, see“Cloudscape System” on page 2-5
in theCloudscape Developer's Guidle

Cloudscape does not

e provide this file
e automatically create this file for you
e automatically write any properties or values to this file

Instead, you must create, write, and edit this file yourself.

The file should be in the format created byjdné.tools.Properties.save method.
A samplecloudscape.propertiesfiles is provided indemo/programs/tours/scripts.

The following is the text of a sample properties file:
cl oudscape. i nf ol og. append=t r ue
cl oudscape. st or age. pageSi ze=8192

cl oudscape. st or age. pageReser vedSpace=60

Properties set this way are persistent for the system until changed, until the file is
removed from the system, or until the system is booted in some other directory (in
which case Cloudscape would be lookingdimudscape.propertiesin that new
directory). If a database is removed from a system, system-wide properties do not
“travel” with the database unless explicitly set again.

Verifying System Properties

You can find out the value of a system property if you set it programmatically. You
cannot find out the value of a system property if you set it in the
cloudscape.properties file.
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For example, if you set the value of the system-wide property in an SQL-J
statement, in a program, or on the command line, the following SQL -J statement
returns its value:

VALUES (CLASS java.l ang. Systen). get Property(
' cl oudscape. st or age. pageSi ze')

Database-Wide Properties

Database-wide properties, which affect a single database, are stored within the
database itself. This allows different databases within a single Cloudscape system
to have different properties and ensures that the properties are correctly set when a
database is moved away from its original system or copied.

NOTE: Cloudscape recommends that you use database-wide properties wherever
possible for ease of deployment.

You set and verify database-side properties using methods of the
COM.cloudscape.database.Propertyl nfointerface (aliased as Propertyl nfo) within
SQL -J statements. Use thisinterface only within the context of SQL-J statements.
Cloudscape provides aclass alias for this class, Propertylnfo.

NEW: The new alias, Propertylnfo, makesit easier to work with database-level
properties.

To set a property, connect to the database, create a statement, and then use the
setDatabaseProperty method, passing in the name and value of the property.

To check the current value of aproperty, connect to the database, create astatement,
and then use the getDatabaseProperty method, passing in the name of the property.
To check the current values of all database-wide properties, use the getProperties()
method.

- set the statement cache size to 40
CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | anguage. st at enent CacheSi ze’', '40’)

- set the default page size for all newtables in the database
CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. st orage. pageSi ze', '1024")

- find out the current database-w de properties
-- (returns a Properties object)

VALUES Propertyl nfo. get Dat abaseProperties()

If you specify an invalid value, Cloudscape uses the default value for the property.

Cloudscape Version 3.0
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Working with Cloudscape Properties

Since you set database-wide properties within SQL-J statements, you can set these
properties in embedded or client/server mode.

In addition, in a Cloudscape synchronization system, you set properties for target
databases by publishing database-level properties. (You cannot publish system-
level properties, but you can set system-level propertiesindividually on targets.)

For more information, see the Cloudscape Synchronization Guide.

Seethe API for COM.cloudscape.database.Propertylnfo for complete information
on the static methods.

Shortcut for Setting Database Properties

You can create a method alias for setDatabaseProperty. Cloudscape provides a
script in /demo/util/methodalias that creates method aliases for the methods in the
COM.cloudscape.database.Propertylnfo class. For more information, see /demo/
util/methodalias/readme.html.

After you run the script, you will be able to set the property like this:

CALL SETDATABASEPROPERTY(
' cl oudscape. dat abase. readOnl yAccessUsers’, ’'fred, guest’)

Conglomerate-Specific Properties

You can apply some storage-related propertiesto specific conglomerates (tables or
indexes) within a database. These properties, which you set as part of the CREATE
TABLE or CREATE INDEX statement at table or index creation time, define the
way rows are stored only for the specific table or index, including backing indexes
for constraints; the rest of the database uses the database or system defaults.
Overriding the default with conglomerate-specific propertiesis useful when you
have one table or index with storage needs different from those of the rest of the
tables or indexes in adatabase. For more information, see “PROPERTIES clause”
on page 1-95 in th€loudscape Reference Manual.

For indexes, you can set ordypudscape.storage.pageSze and
cloudscape.storage.initialPages. For tables, you can set
cloudscape.storage.initial Pages, cloudscape.storage.minimumRecordSize,
cloudscape.storage.pageS ze, or cloudscape.storage.pageReser vedpace.

For example, the following SQL-J statement creates a table with a page size of
2048:

Tuning Cloudscape
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CREATE TABLE NewTabl e (a I NT, b VARCHAR(50))
PROPERTI ES cl oudscape. st or age. pageSi ze=2048

NOTE: If you specify an invalid property name or an invalid value, Cloudscape
uses the default value.

Verifying Conglomerate-Specific Properties

To verify which properties were used for a specific table or index, use the static
methods of COM.cloudscape.database.Propertylnfo.

The static methods getTableProperties and getlndexProperties return a Properties
object equal to the properties used when creating that conglomerate. The methods
take the name of the index or table as a string parameter. Unnamed constraints use
system-generated names.

To find out the system-generated name of an index that backs a constraint, query
the system tables. The following example shows how to find out the name of the
backing index for the primary key constraint on the table Flights.

SELECT constrai nt name

FROM sys. sysconstrai nts JO N sys. systabl es USI NEt abl ei d)
VWHERE sys. syst abl es. tabl ename = ' FLI GHTS'

AND sys. sysconstraints.type = 'P

You have alot of flexibility in the way you find out the information. For example,
you can usethetoString method to see the propertieslisted astext strings. Inij, you
could find out the values of the properties used for creating atable like this:

VALUES Propertyl nfo.get Tabl eProperti es(
"APP', "FLIGHTS ).toString()

NOTE: Thetable name string is case-sensitive. Tables and indexes created as non-
delimited identifiers must be specified in all caps.

Or you could find out the values for a particular property like this:

VALUES Propertyl nfo.
get | ndexProperties(’ APP',
" ORI G NDEX' ). get Property(’ cl oudscape. storage. pageSi ze')

Seethe API for COM.cloudscape.database.Propertyl nfo for complete information
on the static methods.

You can also use Cloudview to see properties for tables and indexes.

Cloudscape Version 3.0
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In a Client/Server Environment

In aclient/server environment, you must set the system properties for the server’s
system. That means when you are usinglitvdscape.propertiesfile, the file

exists in theserver’s cloudscape.system.home directory. Client applications can set
database-wide and conglomerate-specific properties, since they are set via SQL-J
statements. Client applications can set dynamic system-wide properties in an
SQL-J statement, as shown in the example in “Using a Properties Object Within an
Application or Statement” on page 1-5.

For more information, see ti@oudscape Server and Administration Guide.

Table 1-1 Summary of Ways to Set Properties

Type of Property How You Set It
System-wide In cloudscape.properties
OR

Programmatically (asacommand-line option to the
JVM when starting the application or within
application code)

Database-wide In an SQL-J statement

For synchronized systems, you can publish
database-wide properties to targets within a
publication in the CREATE PUBLICATION or
ALTER PUBLICATION command at the source.
See the Cloudscape Synchronization Guide.

Conglomerate-specific Inthe CREATE TABLE, ALTER TABLE ADD
CONSTRAINT, or CREATE INDEX statement

Dynamic or Static Changes to Properties

NOTE: Properties set in treboudscape.propertiesfile and on the command line of
the application that boots Cloudscapeaveays static, because
Cloudscape reads this file and those parameters only at startup.
Conglomerate-specific properties, on the other hand, are always dynamic.

Only properties set in the following ways have the potential to be dynamic:

e as database-wide properties

» as system-wide properties vidPeoperties object in the application in
which the Cloudscape engine is embedded

See Chapter 5, “Cloudscape Properties”, for information about specific properties.
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Properties Case Study

Cloudscape alowsyou alot of freedom in configuring your system. This freedom
can be confusing if you do not understand how properties work. You also have the
option of not setting any and instead using the Cloudscape defaults, which aretuned
for a single-user embedded system.

Imagine the following scenario of an embedded environment:

Your system has a cloudscape.propertiesfile, atext file that lives in the system
directory, which you have created and named system_directory. Your databasesalso
live in this directory. The properties file sets the following property:

» cloudscape.storage.pageSize = 8192

You start up your application, being sure to setctbadscape.system.home
property appropriately:

java -Dcl oudscape. syst em hone=c: \system directory M/App

You then create a new table:

CREATE TABLE tabl el
(a I NT,
b VARCHAR( 10))

Cloudscape takes the page size of 8192 from the system-wide properties set in the
cloudscape.properties file, since the property has not been set any other way.

You shut down and then restart your application, setting the value of
cloudscape.storage.pageSizeto 4096 programmatically, as a parameter to the JVM
command line:

java -Dcl oudscape. syst em home=c: \system directory
- Dcl oudscape. st or age. pageSi ze=4096 myApp

You establish a connection to the database and set the value of the page size for all
new tables to 1024 as a database-wide property:

CALL Propertylnfo.
set Dat abasePr opert y(
' cl oudscape. st or age. pageSi ze', '1024")

You then create two new tables, setting the page size for one of the specific tables
in the CREATE TABLE statement:

CREATE TABLE t abl e2
(a | NT,

Cloudscape Version 3.0
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b VARCHAR(10))
PROPERTI ES cl oudscape. st or age. pageSi ze=2048

CREATE TABLE tabl e3
(a INT,
b VARCHAR( 10))

In this scenario, Cloudscape uses the page size 2048 for the table table2, since
conglomerate-specific properties always override system- and database-wide
properties. Since no page size was set for table3, Cloudscape uses the system-wide
property of 4096. The database-wide property of 1024 does not override a system-
wide property set programmatically.

You shut down the application, then restart, this time forgetting to set the system-
wide property programmatically (as a command-line option to the VM):

java -Dcl oudscape. system hone=c: \system directory nyApplication

You then create another table;

CREATE TABLE t abl e4
(a I NT,
b VARCHAR( 10))

Cloudscape uses the persistent database-wide property of 1024 for thistable, since
the database-wide property set in the previous session is persistent and overrides
the system-wide property set in the cloudscape.propertiesfile.

What you have is asituation in which four different tables each get adifferent page
size, even though the cloudscape.properties file remained constant.

Remove the cloudscape.properties file from the system or the database from its
current location (forgetting to move the file with it), and you could get yet another
value for anew table.

To avoid this situation, be consistent in the way you set properties.
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2 Performance Tips and
Tricks

This chapter lists tips for improving the performance of your Cloudscape
application. For a more in-depth discussion of performance, see Chapter 3, “Tuning
Databases and Applications”.

“The Top Ten Tips” on page 2-1
“No Longer in the Top Ten, but Worth Listing” on page 2-10

The Top Ten Tips

1

Tip One. Use a Fast JVM with Lots of Memory, and Tune the JIT. Using a
fast JVM can make 2X performance improvement.

Tip Two. Use Sored Prepared Statements and Prepared Statements to

save on costly compilation time. Stored prepared statements let you avoid
most compilation altogether, and some Cloudscape applications have seen
2-10X performance increasasaresult of using PreparedStatements

instead of Statements

Tip Three. Create Indexes, and Make Sure They're Being Uglsdes
speed up queries dramatically if the table is much larger than the number
of rows retrieved.

Tip Four. Tune How You Load Dat@reate indexes before, check
constraints after.

Tip Five. Increase the Size of the Data Page Canotgrime all the
caches.

2-1
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Tip Sx. Tune the Sze of Database Pages. Using large database pages has
provided a performance improvement of up to 50%. There are a so other
storage parameters worth tweaking. If you use large database pages,
increase the amount of memory available to Cloudscape.

Tip Seven. Avoid Expensive Queries.
Tip Eight. Use the Appropriate getXXX and setXXX Methods for the Type.

Tip Nine. Tune Database Booting/Class Loading. System startup time can
be improved by reducing the number of databasesin the system directory.

Tip Ten. Recompile Stale Stored Prepared Statements if data distribution
changed. If you created a stored prepared statement when the table was

empty, and now it hasalot of rows, you may need to recompile to get a

better query plan.

These tips may or may not solve your particular performance problem. Be sureto
visit the Support section of Cloudscape’s Web site for up-to-date performance tips
and tricks.

Tip One. Use a Fast JVM with Lots of Memory, and
Tune the JIT

Not all Java Virtual Machines (JVMs) are created equal. Using a JVM with a Just-
in-Time Compiler (JIT) can bring a 2X performance improvement to Cloudscape
applications. Many JVMs are available for different hardware and operating system
combinations. Here are some:

Javasoft IDK/JRE Performance Packs (available for Windows only)
The “vanilla” JDK or Java Runtime Environment (JRE) always includes a
JIT. See the Javasoft JDK page for details.

Visual Cafe (available for Windows only)
If you're using Symantec Cafe, the JVM included with it has a JIT. See the
Symantec Cafe home page.

The Microsoft Virtual Machine (available for Windows only)
The Microsoft Virtual Machine, also known asjview, includesa J T
compiler.

IBM Developer Kit and Runtime Environment for Windows
IBM’s new JVM and JRE for Windows.

However, also try your application with and without a JIT. Sometimes GUI
applications run faster without the JIT. Another reason to use -nojit is if startup time
is more important than long-term performance.

Tuning Cloudscape



The Top Ten Tips 2-3

For example: (JDK 1.1)

java -nojit COM cl oudscape.tool s. cvi ew

(JDK 1.2)

java -Dj ava. conpi | er=NONE COM cl oudscape. t ool s. cvi ew

In addition, allocate as much memory as you can to the VM to use. Use the
minimum size flag upon start up; it can reduce the boot time by at |east a couple of
seconds. For example:

java -nmsl6ém - nx16m COM cl oudscape. tool s.ij

In amulti-user environment, use a machine with alot of memory and allocate as
much memory asyou can for the VM to use. Cloudscape can runinasmall amount
of memory, but the more memory you giveit, the faster it runs.

NOTE: If youdo not allocate memory using -mx, the VM typically limitsitself to
32 MB.

Tip Two. Use Stored Prepared Statements and
Prepared Statements

You can hame and store prepared statements in a database. Storing prepared
statements hel psyou avoid costly compilation time, because the statement is stored
precompiled. In your application, you do have to “prepare” a statement that
references the stored prepared statement, but this statement has a minimal
compilation cost.

You will find a more complete description of stored prepared statements in “Storing
Prepared Statements to Improve Performance” on page 3-13.

Where stored prepared statements are not possible, use prepared statements. In
Cloudscape, as with most relational database management systems, performing an
SQL request has two steps: compiling the request and executing it. By using
prepared statementmya.sgl.PreparedSatement) instead of statements
(java.sgl.Satement) you can help Cloudscape avoid unnecessary compilation,
which saves time. In general, any query that you will use more than once should be
a stored prepared statement or prepared statement.

For more information, see “Avoiding Compiling SQL Statements” on page 3-8.
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Making this change has resulted in 2—-10X performance improvement, depending
on the complexity of the query. More complex queries show more benefit from
being prepared.

Tip Three. Create Indexes, and Make Sure They’re
Being Used

By creating indexes on columns by which you often search atable, you can reduce
the number of rows that Cloudscape has to scan, thus improving performance.
Depending on the size of the table and the number of rows returned, the
improvement can be dramatic. I ndexeswork best when the number of rowsreturned
from the query is afraction of the number of rowsin the table.

There are some trade-offs in using indexes: indexes speed up searches but slow
down inserts and updates. As ageneral rule, every table should have at least a
primary key constraint.

See “Index, Index, Index” on page 3-2 for more information.

Tip Four. Tune How You Load Data

When loading large amounts of data into tables, create indexes (including those
created to back primary, unigue, and foreign key constraints) before you load and
check constraints after. Having indexes already defined before you bulk load is
faster than creating the indexes after the data is loaded. Disable check constraints
before loading, and re-enable after loading.

Tip Five. Increase the Size of the Data Page Cache

You can increase the size of a database’s data page cache, which consists of the data
pages kept in memory. When Cloudscape can access a database page from the
cache instead of reading it from disk, it can return data much more quickly.

The default size of the data page cache is 40 pages. In a multi-user environment, or
in an environment where the user accesses a lot of data, increase the size of the
cache. You configure its size with ttleudscape.storage.pageCacheS ze property.

For more information about how to set this property and how to estimate memory
use, seécloudscape.storage.pageCacheSize” on page 5-59.
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NOTE: Cloudscape can run even with asmall amount of memory and even witha
small data page cache, although it may perform poorly. Increasing the
amount of memory available to Cloudscape and increasing the size of the
data page cache improve performance.

In addition, you may want to primeall the cachesin the background to make queries
run faster when the user gets around to running them.

These cachesinclude;

» the page (user data) cache (described above)

Prime this cache by selecting from much-used tables that are expected to
fit into the data page cache.

» the data dictionary cache

The cache that holds information stored in the system tables. You can prime
this cache with a query that selects from commonly used user tables.

+ the statement cache

The cache that holds connection-spe&@ements (including
PreparedStatements). You can prime this cache by preparing common
gueries ahead of time in a separate thread.

» the stored prepared statement cache
The cache that holds system-wide stored prepared statements.

Tip Six. Tune the Size of Database Pages

Stick with 4K as the page size (the default, and the size operating systems use)
unless:
* You are storing large objects.
* You have very large tables (over 10,000 rows).
For very large tables, large pages reduces the number of I/Os required.
* You have very small tables and have footprint issues.
For very small tables that will never grow, use 2K.
e Your application is read-only.
For read-only applications, use a large page size (for example, 16K) with
a pageReservedSpace of 0.

You may need to experiment with page size to find out what works best for your
application and database.

Cloudscape Version 3.0
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Performance Trade-Offs of Large Pages

Using large database pages benefits database performance, notably decreasing 1/0
time. By default, the database page size is 4096 bytes. You can change the default
database page size with the cloudscape.storage.pageS ze property. For example:

cl oudscape. st or age. pageSi ze=8192

NOTE: Large database pages require more memory.

If row sizeislarge, generally page size should be correspondingly large. If row size
issmall, page size should be small. Another rough guidelineistotry to have at | east
10 average-sized rows per page (up to 128K). Page size should not be lessthan 4K
unless the table is very small and the whol e base table can fit into one page.

Usealarger page sizefor tableswith large columns or rows. After page sizereaches
32K, each row inflicts asightly higher overhead, so if the rows are small (say, <
100 bytes), it probably doesn’t make sense to set the page size larger than 32K.

However, some applications involve rows whose size will vary considerably from
user to user. In that situation, it is hard to predict what effect page size will have on
performance.

If a table contains one large column along with several small columns, put the large
column at the end of the row, so that commonly used columns won't be moved to
overflow pages. Don't index large columns.

Large page size for indexes improves performance considerably.

When Large Page Size Does Not Improve Performance

» Selective Queries
If your application’s queries are very selective and use an index, large page
size doesn't buy you much and potentially degrades performance because
a larger page takes longer to read.

When Large Page Size Is Not Desirable

e Limited memory
L arge database pages reduce /O time because Cloudscape can accessmore
datawith fewer I/Os. However, large pages require more memory.
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Cloudscape alocates abulk number of database pagesin its page cache by
default. If the page sizeislarge, the system may run out of memory.

Here’s a rough guideline: If the system is running Windows 95 and has
more than 32 MB (or Windows NT and has more than 64 MB), it is
probably beneficial to use 8K rather than 4K as the default page size.

Use themx flag as an optional parameter to the JVM to give the JVM more
memory upon startup.

For example:

java -nmx64 nmyApp

e Limited disk space
If you can't afford the overhead of the minimum two pages per table, keep
your page sizes small.

» Large number of users
Very large page size reduces concurrency slightly when the system uses
row-level locking.

Tip Seven. Avoid Expensive Queries

Some queries can, and should, be avoided. Two examples.
SELECT DI STI NCT nonl ndexedCol FROM HugeTabl e

SELECT * FROM HugeTabl e ORDER BY nonl ndexedCol unm

See “Prevent the User from Issuing Expensive Queries” on page 3-4.

Tip Eight. Use the Appropriate getXXX and setXXX
Methods for the Type

JDBC is permissive. It lets you up/a.sgl.ResultSet.getFloat to retrieve an int,
java.sgl.ResultSet.getObject to retrieve any type, and so ojava.sgl.ResultSet and
java.sgl.CallableStatement providegetXXX methods and
java.sgl.PreparedStatement andjava.sgl.CallableStatement providesetXXX
methods.) This permissiveness is convenient but expensive in terms of
performance.

For performance reasons, use the recommegetXX method when retrieving
values, and use the recommendaXX method when setting values for
parameters.
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Table 2-1 shows the recommended getXXX methods for given java.sgl (JDBC)
types, and their corresponding SQL-J types.

Table 2-1 Mapping of java.sql.Types to SQL-J Types

Recommended getXXX Method | java.sql.Types SQL-] Types

getLong BIGINT LONGINT

getBytes BINARY BIT

getBoolean BIT BOOLEAN

getString CHAR CHAR

getDate DATE DATE

getBigDecimal DECIMAL DECIMAL
getDouble DOUBLE DOUBLE PRECISION
getDouble FLOAT DOUBLE PRECISION
getint INTEGER INTEGER
getBinaryStream LONGVARBINARY | LONG VARBINARY
getAscii Stream, LONGVARCHAR LONG VARCHAR
getUnicodeStream

getBigDecimal NUMERIC DECIMAL
getObject OTHER Java classes

getFloat REAL REAL

getShort SMALLINT SMALLINT
getTime TIME TIME

getTimestamp TIMESTAMP TIMESTAMP
getByte TINYINT TINYINT

getBytes VARBINARY BIT VARYING
getString VARCHAR VARCHAR

Tip Nine. Tune Database Booting/Class Loading

By default, Cloudscape does not boot databases (and some core Cloudscape
classes) in the system at Cloudscape startup but only at connection time. For multi-
user systems, you may want to reduce connection time by booting one or all
databases at startup instead. Steutiscape.system.bootAll” on page 5-72 and
“cloudscape.database.noAutoBoot” on page 5-24.

For embedded systems, you may want to boot the database in a separate thread
(either as part of the startup, or in a connection request).
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For more information, see “Shielding Users from Cloudscape Class-Loading
Events” on page 3-10.

Tip Ten. Recompile Stale Stored Prepared Statements

Changes in the layout of data might require a new statement execution plan for old
stored prepared statements. Some changes automatically force recompilation—
adding or deleting indexes, for example. Other changes do not force
recompilation—changes in the amount of data, for example. When a statement plan
is no longer appropriate, we calkttle.

An egregious example of when changes in the amount of data make a statement
plan go stale: You create a stored prepared statement for a SELECT statement
against an empty table that has an index and try to use the same statement when the
table has 20,000 rows. When the statement was created, Cloudscape would not have
chosen an index as the access path in the statement execution plan. Recompiling
the statement allows Cloudscape to choose a better statement execution plan.

Cloudscape automatically checks to see if a statement has gone stale after a given
number of executions within a single Cloudscape session (100 by default). Systems
in which data changes happen rapidly, or that shut down and restart often, may not
benefit from this feature unless you configure the automatic checking to happen
more often. For more details, see “Stale Plans and Stored Prepared Statements” on
page 3-6.

NEW: Automatic recompilation of stale statements is new in Version 3.0.

Use RunTimeStatistics to see if Cloudscape is using a good statement execution
plan. (See “Working with RunTimeStatistics” on page 3-18 for more information.)

Alternately, you can recompile stored prepared statements with the ALTER
STATEMENT statement. UPDATES and DELETES may have similar issues.

Cloudscape Version 3.0
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No Longer in the Top Ten, but Worth
Listing

Shut Down the System Properly

Cloudscapefeaturescrash recovery that restoresthe state of committed transactions

in the event that the database exits unexpectedly, for example during a power

failure. The recovery processing happensthe next time the database is started after

the unexpected exit. Your application can reduce the amount of work that the

database hasto doto start up the next time by shutting it down in an orderly fashion.

See “Shutting Down Cloudscape or an Individual Database” on page 2-22 in the
Cloudscape Developer’'s Guide

The Cloudscape utilities all perform an “orderly” shutdown.

Shorten Your Class Path

The structure of your class path can affect Cloudscape startup time and the time
required to load a particular class.

The class path is searched linearly, so locate Cloudscape’s libraries at the beginning
so that they are found first. If the class path points to a directory that contains
multiple files, searching can be slow, because each file must be examined.

It is faster to search a zip or jar file than a directory.

Increase the Statement Cache Size

Cloudscape has a per-connection statement cache that it uses to try to avoid
recompiling statements, prepared or not. If the text of an SQL request matches an
already compiled statement in the cache, Cloudscape does not need to recompile
the statement. If your application compiézactly the same query more than once,

you may want to increase the size of the statement cache to avoid this
recompilation. By default, the statement cache size holds 20 statements. You can
change this limit with theloudscape.language.statementCacheS ze property. For
example:

cl oudscape. | anguage. st at enent CacheSi ze=100
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NOTE: For situationsinwhich you compileaprepared statement once and execute
it many times, this property does not help performance. It helpsonly in
situationsin which you compile exactly the same statement morethan once
(either executing the same Satement more than once or preparing the same
PreparedStatement more than once). If an application’s statements are
known in advance, it is better programming practice to compile those
statements only once. This property is useful for those applications for
which the statements are not known in advance. If the user happens to
generate the same statement more than once in a session, the application
can take advantage of the statement cache.

When Working with Development Tools, Pre-Load
DatabaseMetaData Stored Prepared Statements

Some GUI Java development tools make heavy uSatabaseMetaData method

calls. Cloudscape can provide stored prepared statements that make these calls run
much faster. By default, Cloudscape provides these stored prepared statements
dynamically on an as-needed bases. When working with these tools, you should
probably just pre-load the database with these stored prepared statements. You do
this when creating the database. For information, see
“cloudscape.jdbc.metadataStoredPreparedSatements’ on page 5-29 imuning

Cloudscape.
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3 Tuning Databases and
Applications

Chapter 2, “Performance Tips and Tricks”, provided some quick tips for improving
performance. This chapter, while covering some of the same ground, provides more
background on the basic design issues for improving performance. It also explains
how to work with RunTimeStatistics and stored prepared statements.

« “Application and Database Design Issues” on page 3-1

« “Analyzing Statement Execution” on page 3-12

e “Storing Prepared Statements to Improve Performance” on page 3-13

«  “Working with RunTimeStatistics” on page 3-18

Application and Database Design Issues

Things that you can do to improve the performance of Cloudscape applications fall
into three categories. In order of importance, these categories are:

1 Avoiding Table Scans of Large Tables
2 Avoiding Compiling SQL Statements
3 Shielding Users from Cloudscape Class-Loading Events

Avoiding Table Scans of Large Tables

Cloudscape is fast and efficient, but when tables are huge, scanning tables may take
longer than a user would expect. It's even worse if you then ask Cloudscape to sort
this data.
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Things that you can do to avoid table scans fall into two categories. These
categories are, in order of importance:

1 Index, Index, Index
2 Prevent the User from I ssuing Expensive Queries
3 Understand When Statements Go Stale

Index, Index, Index

Haveyou ever thought what it would be liketo look up aphone number inthe phone

book of amajor metropolitan city if the book were not indexed by name? For

example, to look up the phone number for John Jones, you couldn’t go straight to
theJ page. You'd have to read the entire book. That's what a table scan is like.
Cloudscape has to read the entire table to retrieve what you're looking for unless
you create useful indexes on your table.

Create Useful Indexes

Indexes are useful when a query contains a WHERE clause. Without a WHERE
clause, Cloudscapesspposed to return all the data in the table, and so a table scan
is the correct (if not desirable) behavior. (More about that in “Prevent the User from
Issuing Expensive Queries” on page 3-4.)

Cloudscape creates indexes on tables in the following situations:
« When you define a primary key, unique, or foreign key constraint on a

table. See “CONSTRAINT clause” on page 1-29 of@haudscape
Reference Manual for more information.

« When you explicitly create an index on a table with a CREATE INDEX
statement.

For an index to be useful for a particular statement, one of the columns in the
statement’s WHERE clause must be the first column in the index’s key.

NOTE: For a complete discussion of how indexes work and when they are useful
(including pictures), see “What Is an Index?” on page 4-2 and “Index Use
and Access Paths” on page 4-2.

Indexes provide some other benefits as well:

- If all the data requested are in the index, Cloudscape doesn’t have to go to
the table at all. (See “Covering Indexes” on page 4-7.)

» For operations that require a sort (ORDER BY), if Cloudscape uses the
index to retrieve the data, it doesn’t have to perform a separate sorting step
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for some of these operations in some situations. (See “About the
Optimizer’'s Choice of Sort Avoidance” on page 4-18.)

NOTE: Don't index on large columns.

Make Sure They Are Being Used, and Rebuild Them

If an index is useful for a query, Cloudscape is probably using it. However, you need
to make sure. Analyze the way Cloudscape is executing your application’s queries.
See “Analyzing Statement Execution” on page 3-12 for information on how to do
this.

In addition, over time, index pages fragment. Rebuilding indexes improves
performance significantly in these situations. To rebuild an index, drop it and then
re-create it.

Think About Join Order

For some queries, join order can make the difference between a table scan
(expensive) and an index scan (cheap). Here's an example:

SELECT hot el _nanme

FROM Hot el s, Hotel Availability

VWHERE Hotel s. hotel _id = Hotel Availability. hotel _id
AND Hotels.city_id = 10

If Cloudscape choosésotels as the outer table, it can use the indexlotels to
retrieve qualifying rows. (Given the dataaursDB, it will return three rows; three
hotels have aity id of 10.) Then it need only look up dataHotel Availability

three times, once for each qualifying row. And to retrieve the appropriate rows from
Hotel Availability, it can use an index faétotel Availability’s hotel_id column

instead of scanning the entire table.

If Cloudscape chooses the other order, Withel Availability as the outer table, it
will have to probe thélotelstable forevery row, not just three rows, because there
are no qualifications on thdotel Availability table.

For more information about join order, see “Joins and Performance” on page 4-11.

Cloudscape usually chooses a good join order. However, as with index use, you
should make sure. Analyze the way Cloudscape is executing your application’s
gueries. See “Analyzing Statement Execution” on page 3-12 for information on
how to do this.
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Prevent the User from Issuing Expensive Queries

Some applications have complete control over the queries that they issue; the
queries are built into the applications. Other applications allow users to construct
queries by filling in fields on aform. Any time you let users construct ad-hoc
gueries, you risk the possibility that the query auser constructs will be onelike the
following:

SELECT * FROM Extrenel yHugeTabl e
ORDER BY unl ndexedCol umm

This statement has no WHERE clause. It will require afull table scan. To make

matters worse, Cloudscape will then have to order the data. It's likely that the user
doesn't really want to browse through all 100,000 rows, and doesn't really care
whether they're all in order.

Do everything you can to avoid table scans and sorting of large results (such as table
scans).

Some things you can do to disallow such runaway queries:

» Use client-side checking to make sure some minimal fields are always
filled in. Eliminate or disallow queries that cannot use indexes and are not
optimizable. In other words, force an optimizable WHERE clause by
making sure that the columns on which an index is built are included in the
query’'s WHERE clause. Reduce or disallow DISTINCT clauses (which
often require sorting) on large tables.

» For queries with large results, don't let the database do the ordering.
Retrieve data in chunks (provide a Next button to allow the user to retrieve
the next chunk, if desired), and order the data in the application.

e Don'tdo SELECT DISTINCT to populate lists; maintain a separate table
of the unique items instead.

Understand When Statements Go Stale
e “Overview” on page 3-5
« “Automatic Stale Plan Invalidation” on page 3-5
» “Stale Plans and Stored Prepared Statements” on page 3-6
*  “When a Change in Table Makes a Plan Stale” on page 3-7
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Overview

When Cloudscape compiles and optimizes a statement, it createswhat is called a
statement execution plan. As discussed in “Avoiding Compiling SQL Statements”
on page 3-8, this is a time-consuming process that you typically want to avoid. With
stored prepared statements or prepared statements, Cloudscape can execute the
same statement multiple times using the same plan and thus very quickly.

However, sometimes a statement’s existing plan may no be longer the best plan for
executing the statement. These situations are caused by significant changes in the
number of rows in a table. In these situations, you should be willing to pay the price
of recompilation, because it is cheaper than using the stale execution plan.

For example, if you have an empty table or a table with only a few rows in it,
Cloudscape’s optimizer will probably decide that it is easier to do a table scan than
to access the data through an index. After you have loaded several thousand rows,
however, a different statement execution plan is in order.

A statement can only go stale if it remains open or in the statement cache.

Table 3-1, “When Statements Can Go Stale,” on page 3-5, shows the situations in
which it is technically possible for a statement to go stale.

Table 3-1 When Statements Can Go Stae

When Statements Can Go Stale

A statement can go stale
when the Statement
remains open or is
retrieved out of the per-
connection Statement
cache.

Details

A Satement (or Prepared
Satement) can only exist
within the context of a
single Connection. Once
the Connection is closed,
all statements disappear.
The next time the
application connects, it
must create the statement
anew, and so Cloudscape
creates a new statement
plan.

Type of Statement

An application's JDBC
Satement or
PreparedStatement

A stored prepared
statement (which is
compiled when you create

A stored prepared
statement can go stale an
2 time after you create it.

A stored prepared
ystatement’s plan persists
across Connections and

it) Cloudscape sessions.

Automatic Stale Plan Invalidation

To help you avoid stale statements, Cloudscape automatically checks whether a
Statement’s execution plan is still appropriate after a certain number of executions
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of that statement (by default, 100 executions) within a single Cloudscape session.
Cloudscape determines if a statement’s plan is appropriate by comparing the
number of rows in the table with the number of rows in the table when the statement
was first executed. If there has been a significant change in the number of the rows
in the table, Cloudscape assumes the statement plan is no longer appropriate, and
it invalidates and thus recompiles the statement.

This situation typically only affects SELECTs, UPDATES, INSERT SELECTS,
and DELETEs with WHERE clauses (statements that benefit from use of an index).

For example, imagine that you create a JDB&ement (not a stored prepared
statement). Its text follows:

SELECT *
FROM Fl i ght s
VWHERE orig_airport = ’'sfo’

Suppose that when your application creates this statement, the table is empty, and
so Cloudscape chooses to scan the table instead of using the index on the
orig_airport column.

During the course of a singlégonnection, the table gains a lot of data. The same or
another user could insert thousands of rows. Unless Cloudscape notices the
significant change in the size of the table, it continues to use the original—and now
stale—plan. Given the system defaults, the hundredth time the application executes
that statement, Cloudscape checks to see if the size of the table has changed
significantly since the Statement was created. If it has, it marks the statement
invalid and recompiles it before executing.

You can configure how often Cloudscape checks the appropriateness of a
statement’s plan with thetloudscape.language.stalePlanCheckinterval property.

Stale Plans and Stored Prepared Statements

Cloudscape tracks a table’s size only within a single Cloudscape session. This
limitation is not a problem for standard JDB@tements andPreparedStatements,

since they exist only within the scope of a singtmnection. However, this may

be a problem for stored prepared statements. If you stop and re-start Cloudscape
often, Cloudscape may not notice a gradual change to a table that affects a stored
prepared statement. In that situation, you may want to force recompilation, or you
may want to configure Cloudscape to check whether to invalidate statements much
more often (by settingloudscape.language.stalePlanCheckinterval to a low

valué. If you do not stop and re-start Cloudscape often (for example, in a server
environment), Cloudscape’s automatic invalidation and recompilation of stale plans
works quite well even with the default value.
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When a Change in Table Makes a Plan Stale

Cloudscape uses the following rules to determine whether a change in a table’s size
is significant enough to force recompilation for a statement:

For large tables, Cloudscape uses a simple percentage test. For smaller tables,
Cloudscape uses a more complex, non-linear test. The smaller the table, the more
sensitive Cloudscape is to changes.

Simple percentage test (tables with 400 rows or more)

If the number of rows in the table changes by more than ten percent,
Cloudscape recompiles the statement.

For example, if a table originally had 1000 rows when the statement was
last compiled, and Cloudscape discovers that the table now has 1200 rows,
it recompiles the statement, because the change in size is greater than ten
percent. Similarly, if the table originally had 1000 rows, and it now has 800
rows, Cloudscape would recompile the statement. But if the table originally
had 1000 rows and now has 1050 rows, the system would not recompile
the statement.

Complex percentage test (tables with fewer than 400 rows)

Cloudscape takes the square of the difference in row counts and compares
it to four times the original number of rows. If the square of the difference

is greater than four times the original number of rows, it recompiles the
statement.

NOTE: These rules may change in future releases.

Consider the following example:

If a table originally had 8 rows, and the system discovers that it now has 15
rows, it recompiles the statement, because the square of the difference (49)
is greater than four times the original size of the table (32). Similarly, if the
table originally had 8 rows, and it now has 2 rows, it recompiles the
statement, because the square of the difference (36) is greater than four
times the original size of the table (32). On the other hand, if the table
originally had 8 rows and now has 10 rows, it would not recompile the
statement, because the square of the difference (4) is not greater than four
times the original size of the table (32).

Cloudscape Version 3.0
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Avoiding Compiling SQL Statements

When you submit an SQL-J statement to Cloudscape, Cloudscape compiles and
then executesthe statement. Compilation isatime-consuming processthat involves
several steps, including optimization, the stage in which Cloudscape makesits
statement execution plan. A statement execution plan includes whether to use an
index, the join order, and so on.

Unless there are significant changes in the amount of datain atable or new or
deleted indexes, Cloudscape will probably come up with the same statement
execution plan for the same statement if you submit it more than once. This means
that the same statements should share the same plan, and Cloudscape should not
bother to recompile them. Cloudscape allows you to ensure this in the following
ways (in order of importance):

1 Across Connections and Sessions
2 Within a Single Connection

Across Connections and Sessions

Statements from any connection or session can share the same statement execution

plan (and avoid compilation) by using stored prepared statements. Stored prepared
statements are database objects that persist within and across sessions. For more
information, see “Storing Prepared Statements to Improve Performance” on page
3-13.

Stored prepared statements are not part of a standard but are unique to Cloudscape.
Stored prepared statements are one of the most important features you can use to
improve the performance of your application.

Within a Single Connection

As explained above in “Across Connections and Sessions” on page 3-8, you can
create statements that can share the same statement execution plan (and avoid
compilation) by using stored prepared statemé&¥tkin a single connection, you

can also do the following to avoid extra compilation when for some reason it is
impractical to use stored prepared statements:

* Your application can udereparedSatements instead ofStatements.

PreparedStatementsare JDBC objects that you prepare (compile) once and
execute multiple times. If your application executes statements that are
almost but not exactly alike, uBeeparedStatements, which can contain
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dynamic or IN parameters. Instead of using the literals for changing
parameters, use ?s (placeholders) for these two parameters. Provide the
values when you execute the statement.

PreparedStatements, unlike stored prepared statements, are astandard part

of the JDBC API. Another way in which they are different from stored
prepared statements is that they do not require writing to disk and do not
create dictionary aobjects. For more information about using prepared
statements, see “JDBC and the java.sqgl API” on page -7 (the listings for
further reading on JDBC) ibdsing the Cloudscape Documentation.

For examples, selBMSTours.inserters.InsertCountriesin theJBMSTours
sample application and the chapter on programming for performance in
Learning Cloudscape: The Tutorial.

»
One Connection

|
|
~
~ ~
| ~ -

multiple executiqlms A .////
ofthesame  —~77777 >
x

PreparedStatemelPt -
I 7

[P
I

Statement cache

. a PreparedStatement object

- a statement execution plan

Figure 3-1 A connection need only compilePaeparedSatement once.
Subsequent executions can use the same statement execution
plan even if the parameter values are different.
(PreparedSatements are not shared across connections.)

Even if your statement usSsatements instead oPreparedSatements,
Cloudscape can reuse the statement execution plan for the statements from
the statement cache.

When, in the same connection, an application submits anS&{Hment

that has exactly the same text as one already in the cache, Cloudscape grabs
the statement from the cache, even ifStatement has already been closed

from the application. This is useful if your application allows the user to
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create ad-hoc queries; if the user happensto run the same query more than
once, Cloudscape can grab the statement out of the statement cache.

You can adjust the size of the statement cache. (See
“cloudscape.language.statementCacheSize’ on page 5-41.)

NOTE: The scroll type of the statement (forward-only vs. scrolling insensitive) of
a statement must be identical, in addition to the SQL text, for there to be a
match.

>
One Connection

|
SELECT * FROM mytable

id = ey @y ———— ——— .
WHERE id =1 > - - Cloudscape must compile

| / a Statement each
| / . .
time you execute it

SELECT * FROM dlwytable e | y
WHEREid=2 o———____ > ..____/4___ - unless exactly

the same statement

' o is already in the

! /
SELECT * FROM nhytable s Statement cache.
WHERE id = 1

e > @

Statement cache
- a Statement object Each connection has its
own statement cache.

- a statement execution plan

Figure 3-2 A connection can reuseSsatement object when the SQL text
matches a prior statemesxactly. (PreparedSatements are
much more efficient.)

Shielding Users from Cloudscape Class-Loading Events

JVMs tend to load classes as they are needed, which means the first time you need
a class in a piece of software, it takes longer to use.

Cloudscape has three clear cases when a lot of class loading occurs:

< when the system boots
The system boots when you load the embedded driver,
COM.cloudscape.core.JDBCDrivén a server framework, the system
boots when you start the server framework. Booting Cloudscape loads
basic Cloudscape classes.

Tuning Cloudscape
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when the first database boots

Booting the first database |oads some more Cloudscape classes. The
default behavior isthat the first database boots when thefirst connectionis
made to it. You can also configure the system to boot databases at startup.
Depending on your application, one or the other may be preferable.

when you compile the first query

Compiling the first query loads additional classes. You can configure your
system so that these classes are loaded when the database boots; when so
configured, Cloudscape executes abuilt-in query synchronoudly at startup.
See ‘tloudscape.language.prel oadClasses’ on page 5-36.

3-11

For any of these events, you can control the impact they have on users by starting
them in separate threads while other tasks are occurring.

In addition, if you are usinBreparedStatements instead of stored prepared
statements, prepare them in a separate thread in the background while other tasks
are occurring. Even if you are using stored prepared statements, you must still
create &Batement or PreparedSatement that executes the stored prepared
statement. Do that in a background thread as well.

Tuning Tips for Multi-User Systems

For concurrency, use row-level locking and the READ_COMMITTE
isolation level.

For read-only applications, use table-level locking and the
READ_COMMITTED isolation level.

Boot databases at startup to minimize the impact of connecting.

Where possible, create stored prepared statements. Query plans
stored prepared statements can be shared across connections.

=D

for
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Tuning Tips for Single-User Systems

» Cloudscape boots when you first load the embedded JDBC driver
(COM.cloudscape.core.JDBCDriver). Load this driver during the leag
time-sensitive portion of your program, such as when it is booting|or
when you are waiting for user input. For server frameworks, the driver
is loaded automatically when the server boots.

« Boot the database at connection (the default behavior), not at startup.
Connect in a background thread if possible.

e Turn off row-level locking and use READ_COMMITTED isolation
level. For single-connection applications, use SERIALIZABLE
isolation level.

—

Analyzing Statement Execution

Onceyou createindexes, make surethat Cloudscapeisusing them. In addition, you
may also want to find out the join order Cloudscape is choosing and force a better
order if necessary.

Here is a general plan of attack for analyzing your application’s SQL statements:

1 Collect your application’s most frequently used SQL statements and
transactions into a single test.

2 Create a benchmark test suite against which to run the sample queries.
The first thing the test suite should do is checkpoint data (force
Cloudscape to flush data to disk). You can do that with the following
SQL-J statement:

CALL Factory. get Dat abaseOf Connecti on() . checkpoi nt ()

NEW: The ability to checkpoint a database explicitly is new in Version 3.0.

3 Use performance timings to identify poorly performing queries. Try to
distinguish between cached and uncached data. Focus on measuring
operations on uncached data (data not already in memory). For example,
the first time you run a query, Cloudscape returns uncached data. If you
run the same query immediately afterward, Cloudscape is probably
returning cached data. The performance of these two otherwise identical
statements varies significantly and skews results.
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4 Use RunTimeStatisticsto identify tables that are scanned excessively. Are
the appropriate indexes being used to satisfy the query? In somerare
cases, you may need to force the index on the table. |s Cloudscape
choosing the best join order? Force the best order, if appropriate. See
“Working with RunTimeStatistics” on page 3-18 for instructions.

5 Make a change, then retest. (It's an iterative process.)

6 If changing data access does not create significant improvements,
consider other database design changes, such as denormalizing data to
reduce the number of joins required. Then review the tips in “Application
and Database Design Issues” on page 3-1.

Storing Prepared Statements to Improve
Performance

You can name and store prepared statements in a database. Storing prepared
statements, which are already compiled, helps you avoid costly compilation time
and speeds up query execution for the end user.

e “Creating a Stored Prepared Statement” on page 3-13

e “Executing a Stored Prepared Statement” on page 3-14

« “Additional Benefits for Multiple Connections: The Stored Prepared
Statement Cache” on page 3-15

* “Invalid Stored Prepared Statements and Recompilation” on page 3-17
e ‘“Stale Stored Prepared Statements” on page 3-18

Creating a Stored Prepared Statement

When you create a stored prepared statement with the CREATE STATEMENT
command, Cloudscape prepares the statement, tags it with the name you give it, and
stores the compiled code in a system table. For example:

CREATE STATEMENT get Ful | Fl'i ghtlInfo

AS SELECT *

FROM Fl i ght s

VWHERE flight _id = ? AND segnent _nunber = ?
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NOTE: Create stored prepared statements after data are loaded into the referenced
table, or recompile them after datais loaded. Creating a stored prepared
statement when the referenced tables are empty leads to abad plan. (See
“Stale Stored Prepared Statements” on page 3-18.)

You may optionally provide sample values for parameters in the CREATE
STATEMENT statement. This allows you to provide the optimizer with
representative data so that the optimizer can choose a plan that will be suitable for
the real values that will be used by the statement. Without these values, the
optimizer makes guesses as to the selectivity of the parameters.

Providing sample values (with the USING clause) is particularly useful if you have
a good idea of how the statement will be used in the future. For example:

CREATE STATEMENT get Ful | Fl i ghtInfo

AS SELECT *

FROM Fl i ghts

VWHERE flight_id = ? AND segnment _nunber = ?
USI NG VALUES (' AA1151', 1)

Providing sample values with the USING clause is not useful for INSERTSs (unless
the INSERT also includes a SELECT). Itis useful only for SELECT, UPDATE, or
DELETE statements with WHERE clauses. This is because an INSERT statement
will not get a different plan given differing amounts of data in the target table of the
insert.

Executing a Stored Prepared Statement

After you create the stored prepared statement, you can invoke it using its name.
Cloudscape can execute the statement without having to recompile it, unless you
explicitly ask it to or some dependencies have been broken (see “Invalid Stored
Prepared Statements and Recompilation” on page 3-17).

In your application, if the statement takes parameters, “prepare” an EXECUTE
STATEMENT statement that references the stored prepared statement, then provide
runtime values with the JDBC methods. Or, for development purposes, you can
execute the statement with an EXECUTE STATEMENT statement with a USING
clause, which allows you to provide the parameters directly.

If the statement does not take parameters, you can simply execute it. The
“compilation cost” of an EXECUTE STATEMENT statement is the time it takes to
retrieve the plan from the data dictionary and is unmeasurable after the first access.

For example:
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/1 Execute a prepared statement via JDBC

Pr epar edSt at enent getFul | Fl i ghtlInfo = conn. prepareSt at enent (
"EXECUTE GETFULLFLI GHTI NFO') ;

/1 getFull Flightlnfo now points to the stored statenent statenent

/1 Set the paraneters using the set XXX() methods
getDirectFlights.setString(1, 'AA1111");
getDirectFlights.setint(2, 1);

ResultSet rs = getFull Flightlnfo.executeQuery();
while(rs.next()) {

/* retrieve data, etc. */ }

/1 try another one

getFul |l Flightlnfo.setString(2, 'AA2222");
getDirectFlights.setint(2, 1);

Result Set rs = getFul |l Fli ghtlnfo.executeQuery();

Cloudscape allows you to provide parameters in the EXECUTE STATEMENT
statement itself with another SQL statement such asa VALUES clause. Thisis
useful when you are developing, but takes away many of the performance
advantages of using stored prepared statements because of the cost of compiling
the VALUES clause. Provide parameters with JDBC instead.

For moreinformation about stored prepared statements and exampl es showing how

to create and use them, see “CREATE STATEMENT statement” on page 1-45 and
“EXECUTE STATEMENT statement” on page 1-73 of €leudscape Reference
Manual.

Additional Benefits for Multiple Connections: The
Stored Prepared Statement Cache

Stored prepared statements run faster than other kinds of statements because they
allow you to avoid compilation. They also provide additional performance benefits

in a multi-user situation because they reduce memory use. In a database with more
than oneConnection, eachConnection shares the same object in memory for a

stored prepared statement, caching only individual parameter information, not the
entire object. This can improve performance significantly in multi-user databases
because of the reduction in memory use.

There is one stored prepared statement cache per Cloudscape database. You can
configure the size of the stored prepared statement cache; see
“cloudscape.language.spsCacheSize” on page 5-37. For databases that have a lot

of frequently used stored prepared statements, increase the size of this cache; the
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default size is 32. The size of this cache never needs to be larger than the number
of different stored prepared statementsin a database. You can find out the number
of stored prepared statements in a database with this query:

SELECT COUNT(*) FROM SYS. SYSSTATEMENTS

Statement is

precompiled
> | @ --
Connection 1 ==
_ A
—
> . _ - B e (s;g;edeelﬁ;)tzr;:iz;atement cache
Connection 2 e P
7
s
7
7
> @
Connection 3

. a PreparedStatement object

Figure 3-3  Multiple connections to a database can share the same
statement execution plan and the same memory space when

using stored prepared statements.

| @
Connection 1
> __ Statement caches
Connection 2 1T (one per connection)
>
Connection 3 . ________

Figure 3-4

a PreparedStatement object

For PreparedSatements, each connection must compile the

statement, and each connection must have a copy of the
statement execution plan.
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For examples of creating using stored prepared statements, see the JBM STours
sample application and the chapter on programming for performance in Learning
Cloudscape: The Tutorial.

Invalid Stored Prepared Statements and Recompilation

Stored prepared statements, like other prepared statements, can become invalid.

When a stored prepared statement isinvalid, it is compiled the next timeitis

prepared or executed. Compilation happens automatically in the background and

may be the cause of a slow execution. Once a stored prepared statement isre-
compiled, however, it shouldn’t need any more automatic recompilation unless it
becomes invalid again.

A statement becomésvalid when one of its dependencies is broken through some
kind of change in the database schema. For example, dropping an index, table, or
view on which the statement depends breaks the statement’s dependencies. As an
example, let's look at the following stored prepared statement:

CREATE STATEMENT get Ful | Fl'i ghtlInfo

AS SELECT *

FROM Fl i ghts

VWHERE flight_id = ? AND segnment_nunber = ?

This statement depends on the following dictionary objects:

« theFlightstable

If you alter the table or add any new indexes, the statement becomes
invalid.

« the index backing up thelights table’s primary key oflight_id and
segment_number

If you drop this index, the statement becomes invalid.

The Cloudscape Reference Manual details the dependencies for all dictionary
objects and commands. Look for the heading “Dependency System” under the man
page for a command. For an example, see the man page for “CREATE INDEX
statement” on page 1-41 in tléoudscape Reference Manual.

To avoid end-user inconvenience, make sure that no stored prepared statements are
invalid before deploying your application and database. You must make sure that
no stored prepared statements are invalid before deploying a read-only database.
Invalid stored prepared statements require writing to disk, which will fail in a read-
only environment.
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You can automatically recompile all stored prepared statements with this
command:

ALTER STATEMENT RECOWPI LE ALL

You can automatically recompile al invalid stored prepared statements with this
command:

ALTER STATEMENT RECOWPI LE | NVALI D

You can recompile a single statement by specifying its name:

ALTER STATEMENT Get Ful | Fl'i ght| nf o RECOWPI LE

Stale Stored Prepared Statements

The preceding section, “Invalid Stored Prepared Statements and Recompilation” on
page 3-17, discussed situations in which Cloudscape marked statements as invalid
and automatically recompiled them. There are certain situations in which the
statement is technically valid but its plarstiale, because it is no longer the best

plan for executing the statement. These situations are caused not by changes in the
database schema (which Cloudscdges detect), but by changes in the data layout.

For example, if you have an empty table or a table with only a few rows in it,
Cloudscape’s optimizer may decide that it is easier to do a table scan than to access
the data through an index. After you have loaded several thousand rows, however,
a different statement execution plan is in order.

Follow the directions in the preceding section, “Invalid Stored Prepared Statements
and Recompilation” on page 3-17, to recompile all or individual stored prepared
statements.

Working with RunTimeStatistics

Cloudscape provides a language-level tool for evaluating the performance and the
execution plans of statements, the RUNTIMESTATISTICS() built-in function.

e “Overview” on page 3-19

 “How You Use It” on page 3-19

e “Analyzing the Information” on page 3-20
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Overview

When a special attribute (RunTimeStatistics) is turned on for a connection,
Cloudscape creates an object that implements the

COM .cloudscape.types.RunTimeStatistics interface for each statement executed
within the Connection until the attribute is turned off.

For the most recently executed query, the object displays information about:

« the length of the compile time and the execute time
This can help in benchmarking queries.

« the statement execution plan
Thisisadescription of result set nodes, whether an index was used, what
the join order was, how many rows qualified at each node, and how much
time was spent in each node. This information can help you determine
whether you need to add indexes or rewrite queries.

The exact details presented, as well as the format of presentation, may change.

You accessthe object created with the RUNTIMESTATISTICS() built-in function.
You generally do not work with the object directly, but instead call one of its
methods directly on the function. See “RUNTIMESTATISTICS()” on page 1-161
in the Cloudscape Reference Manual.

How You Use It

NOTE: Cloudview presents an easy-to-use interface for runtime statistics. See
“Viewing Runtime Statistics in Cloudview” on page 3-24.

These are the basic steps for working with the RUNTIMESTATISTICS() function.

1 Turn on the RunTimeStatistics attribute with the SET
RUNTIMESTATISTICS statement command (see “SET
RUNTIMESTATISTICS statement” on page 1-111 in @€leudscape
Reference Manual for more information).

- turns on RunTineStatistics
SET RUNTI MESTATI STI CS ON

2 Turn on the Statistics Timing attribute with the SET STATISTICS
TIMING statement command (see “SET STATISTICS TIMING
statement” on page 1-113 of t@éoudscape Reference Manual for more
information). If you do not turn on this attribute, you will see the
statement execution plan only, and not the timing information.
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SET STATISTICS TIM NG ON

3 If you areworking inij, set the display width to 5000 or another high
number.

4 Execute an SQL-J statement.

5 Retrieve the values from one or more of the methods of the
RunTimeStatistics interface executed against the
RUNTIMESTATISTICS() built-in function. For example:

VALUES RUNTI MESTATI STI CS() . t oSt ri ng()

For acompletelist of the methods available on the interface, see the
javadoc for COM.cloudscape.types.RunTimeStatistics.

In a multi-threaded environment, you must synchronize steps 4 and 5.
6 Turn off RunTimeStatistics and Statistics Timing.

These steps have shown you how you would work with RunTimeStatistics within
ij. The basic steps for working with RunTimeStatistics are the samein ajava
program. For a complete coding example, see the sample program
JBMSTours.RunTimein the BBM STours application. Run the program for examples
of several different kinds of statements and the different output they produce.

NOTE: Theexact content and format of the statement execution plan are subject to
change.

Analyzing the Information

Statistics Timing

If the Statistics timing attribute is on, the RunTimeStatistics object provides
information about how long each stage of the statement took. An SQL-J statement
has two basic stages within Cloudscape: compilation and execution. Compilation
isthe work done while the statement is prepared. Compilation is composed of the
following stages: parsing, binding, optimization, and code generation. Executionis
the actual evaluation of the statement. (If the statistics timing attribute is off, it
shows a zero time for each stage.)
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Statement Execution Plan

The RunTimeStatistics object also provides information about the statement
execution plan. A statement execution plan iscomposed of atree of result set nodes.
A result set node representsthe evaluation of one portion of the statement; it returns
rowsto acalling (or parent) node and can receive rows from a child node. A node
can have one or more children. Starting from the top, if a node has children, it
requests rows from the children. Usually only the execution plans of DML
statements (queries, inserts, updates, and deletes, not dictionary object creation) are
composed of more than one node.

For example, consider the following query:

SELECT *
FROM Countri es

This simple query involves one node only—reading all the data out@Gbtimtries
table. It involves a single node with no children. This result set node is called a
TableScanResultSet. RunTimeStatistics’ text for this node looks something like this:

Tabl eScanResul t Set for COUNTRIES at read committed isolation
| evel using share row | ocki ng chosen by the optim zer.
nunOpens = 1
rowsSeen = 115
rowsFiltered = 0
fetchSize = 16
constructor time (mlliseconds) =0
open tine (mlliseconds) = 10
next time (mlliseconds) = 30
close tinme (mlliseconds) = 20
next time in mlliseconds/row =0
scanl nf o:
col umsFet chedBi t Set =col s: (al |)
nuntCol utmsFet ched=3
nunPagesVi si t ed=2
nunRowsQual i fi ed=115
nunRowsVi si t ed=115
scanType=heap
startPosition:

3-21

nul | st opPosi ti on:

nul | qualifiers:

None
optim zer estimted row count: 124. 00
optim zer estimted cost: 50. 38
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Consider this second, more complex query:

SELECT Country
FROM Countri es

WHERE Region = 'Central Anerica’

When executed, this query involves two nodes—one to retrieve qualifying rows (the
restriction is done at this node) and one to project the requested columns. So, at
bottom, there is @ableScanResultSet for scanning the table. The qualifier (Region

= ‘Central America’) is evaluated in this node. These data are passed up to the
parent node, calledRrojectRestrictResultSet, in which the rows are projected—
only thecountry column is needed (the first column in the table).
RunTimeStatistics’ text for these two nodes looks something like this:

Tuning Cloudscape

ProjectRestrictResul tSet (1):
nunOpens = 1

rowsSeen = 6

rowsFiltered = 0

1
o

constructor time (mlliseconds)
open tine (mlliseconds) =0
next time (mlliseconds) = 10
close time (mlliseconds) =0

restriction tinme (mlliseconds) 0

projection tine (mlliseconds) = 0
Source result set:

Tabl eScanResul t Set for COUNTRIES at read conmmitted
isolation |evel using share row | ocking chosen by the
optim zer.

nunOpens = 1

rowsSeen = 6

rowsFiltered = 0

fetchSize = 16

constructor time (mlliseconds) = 10
open tine (mlliseconds) =0

next time (mlliseconds) = 10

close time (mlliseconds) =0

next time in mlliseconds/row =1

scanl nf o:

col umsFet chedBi t Set =col s: {0, 2}
nuntCol umsFet ched=2

nunPagesVi si t ed=2

nunRowsQual i fi ed=6

nunRowsVi si t ed=115

scanType=heap
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startPosition:

nul | st opPosi ti on:
nul | qualifiers:
Colum[O] Id: 2

Qperator: =

O dered nulls: false
Unknown return val ue: false
Negat e conparison result: false
optim zer estimted row count:
11.50
optim zer estimted cost: 49, 22

Other, more complex queries such as joins and unions have other types of result set
nodes.

For inserts, updates, and deletes, rows flow out of the top, where they are inserted,
updated, or deleted. For selects (queries), rows flow out of the top into aresult set
that is returned to the user.

Table 1-4 on page 1-164 in the Cloudscape Reference Manual shows the many
possible ResultSet nodes that might appear in an execution plan. Some examples
are:

« ProjectRestrictResultSet

e SortResultSet

e TableScanResultSet

* IndexScanResultSet

* IndexRowToBaseRowResultSet

In addition, read Chapter 4, “DML Statements and Performance”, for more
information about some of the ways in which Cloudscape executes statements.

The statement execution plan shows how long each node took to evaluate, how
many rows were retrieved, whether an index was used, and so on. If an index was
used, it shows the start and stop positions for the matching index scan. Looking at
the plan may help you determine whether to add an index or to rewrite the query.

Subset of Statement Execution Plan

You can execute a method callgeiScanStatisticsText on theRunTimeStatistics
interface that returns a string describing only a subset of the full statement
execution plan. It provides information only about those nodes that access a table
or index. Using this method is the easiest way to find out whether Cloudscape used
an index or scanned the entire table and what the join order was.
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Optimizer Estimates

Runtime statistics show the optimizer estimates for a particular node. They show
the optimizer’'s estimated row count and the optimizer’s “estimated cost.”

Theestimated row count is the query optimizer’s estimate of the number of
qualifying rows for the table or index for the entire life of the query. If the table is
the inner table of a join, the estimated row count will be for all the scans of the table,
not just for a single scan of the table.

NEW: You can execute a method calgsiEstimatedRowCount, which returns
the optimizer’s estimated row count. (For a tip that explains when that
might be useful, see “Use RunTimeStatistics to Get an Approximate Row
Count for a Table” on page 10-15 in @Budscape Developer's Guidle

The estimated costonsists of a number, which is arelative number; it does not
correspond directly to any time estimate. It is not, for example, the number of
milliseconds or rows. Instead, the optimizer constructs this number for each
possible access path. It compares the numbers and chooses the access path with the
smallest number.

Viewing Runtime Statistics in Cloudview

Cloudview makes working with runtime statistics easy. To useit:

1 Before executing the query you want to analyze, select Use Statistics (the
equivalent of issuing the SET RUNTIMESTATISTICS ON and SET
STATISTICS TIMING ON commands).

Database | statistics |

il taursDB
J
sk F W@ & kU :
SELECT * FROM Flightavailability, Flights ;I

WHERE FlightAvailability fight_id = Flights flight_id
AND FlightAvailahility. zegment_number = Flights.segment_number

¥
A L

2 Execute the query.

3 Sdlect the Statistics tab (equivalent to issuing VALUES
RUNTIMESTATISTICS()).

4 An abject inspection window appears. ResultSehodes appear in atree
format.
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Database Statistics |

[ Total  Text

= RunTime 100%, 5.488 seconds
= ~MestedLaopdain 0%, 0.02 seconds
E----TableScan 27%,1.532 seconds on FLIGHTAVAILABILITY
= IndexRowToBaseRow 43%, 2.394 seconds on 80000084-00d1-18f0-d960-000a0a0k1 300

Figure 3-5 ResultSet nodes displayed by Cloudview

Figure 3-5 shows the ResultSet nodes for the query used as an examplein

“Join Order Case Study” on page 4-17. It allows you to see at a glance that
the query was executed as a nested loop joinFhgtitAvailability is the

outer table in the join (because it is the fiRegultSet); and that Cloudscape
used an index to look up values on the inner tablghts (because there

is an Index scan oRlights, with the name of the index).
IndexRowToBaseRowResultSet is the node in which Cloudscape uses the
row ID it got from the index key in the index scan to return the matching
row from the base table.

Cloudview displays timing statistics for each node. If you select Total,
near the top of the screen, Cloudview displays the time spent in the node,
including the time for all the node’s children. For example, using the
example in Figure 3-5 on page 3-25, thdexRowToBaseRowResultSet is

part of (a child of) thé&estedLoopJoin hode. Selectingotal adds the

time taken to execute this child node, along with any other, to the timing
for theNestedLoopJoin node.

Cloudscape Version 3.0
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4 DML Statements and
Performance

« “Performance and Optimization” on page 4-1
e ‘“Locking and Performance” on page 4-28

Performance and Optimization

A DBMS often has a choice about the access path for retrieving data. For example,
the DBMS may use an index (fast lookup for specific entries) or scan the entire table
to retrieve the appropriate rows. In addition, in statements in which two tables are
joined, the DBMS can choose which table to examine @ygtimization means that
DBMS makes the best (optimal) choice of access paths and join order. True query
optimization means that the DBMS will usually make a good choice regardless of
how the query is written. The optimizer does not necessarily makesthehoice,

just a good one.

Cloudscape’s query optimizer can use indexes to improve the performance of DML
(data manipulation language) statements such as queries, updates, and deletes. It
also makes decisions about join order, type of join, and a few other matters.

This section gives an overview of the Cloudscape optimizer and discusses
performance issues in the execution of DML statements.

This section covers the following topics:

* “Index Use and Access Paths” on page 4-2
» *“Joins and Performance” on page 4-11
* “Cloudscape’s Cost-Based Optimization” on page 4-14



4-2

DML Statements and Performance

Index Use and Access Paths

If you define an index on a column or columns, the query optimizer can use the

index to find data in the column more quickly. Cloudscape automatically creates

indexes to back up primary key, foreign key, and unique constraints, so those

indexes are always avail able to the optimizer, as well as those that you explicitly

create with the CREATE INDEX command. The way Cloudscape gets to the data—
via an index or directly via the table—is called #ueess path.

This section covers the following topics:

“What Is an Index?” on page 4-2

“What's Optimizable?” on page 4-5

“Covering Indexes” on page 4-7

“Useful Indexes Can Use Qualifiers” on page 4-9
“When a Table Scan Is Better” on page 4-10

What Is an Index?

An index is a database structure that provides quick lookup of data in a column or
columns of a table. It is probably best described through examples.

For example, th&lights table in thetoursDB database has three indexes:

one on therig_airport column (calledOriglndex)
one on thalest_airport column (calledDestIndex)

one enforcing therimary key constraint on thélight_id and
segment_number columns (which has a system-generated name)

This means there are three separate structures that provide shortcutdHhighthe
table. Let’s look at one of those structui@sglndex. Table 4-1 shows a portion of
the Flights table fromtoursDB.
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4-3

DEST_AIRPORT

|‘°|°’|"‘|"’|’-“|‘“|’*’|"’|“|‘:‘

FLIGHT_ID | 8E | ORIG_AIRPORT [ DEPART_TIME
AR 1 ABG 05:00:00
ART112 1 LA 05:00:00
AAT113 1 ABG 05:00:00
AT 14 1 PHX 05:00:00
AAT1148 1 ABG 05:00:00
AT 16 1 QK 05:00:00
AAT11T 1 AKL 05:00:00
AAT118 1 HML 13:30:00
AR1119 1 AL 09:00:00
[AAT120 1 MNRT 09:00:00
10 |AA1121 1 AL 09:00:00
11 [AA1122 1 YD 09:00:00
12 |AA1123 1 ALB 09:00:00
13 |AA1124 1 LGA 09:00:00
Figure 4-1

LAX
ARG
PHX
ARG
OKC
ARG
HML
AKL
MRT
AKL
YD
AKL
LGA
ALB

ARRIVE_TIME | mEAL] FLvin.. [ wies [ aRcra. |
13280000664 BI47

L
11:158:00 L 1.3280000664 B747
09:35:00 L 0.658 329 B747
09:35:00 L 0.658 329 B747
11:02:00 L 1.034 517 B747
09:02:00 L 1.034 517 B747
18:48:00 L 8.804 4402 BT47
21:18:00 L 8.804 4402 BT47
15:69:.00 L 109960005498  BT747
23:49.00 L 109960005498  BT747
0g9:40:00 L 268200001341 BT47
13:40:00 L 268200001341 BT47
09:16:00 L 027 138 B747

L B747

09:16:00 027

138

Partial view of the Flightstable

=

Origlndex stores every value inthe orig_airport column, plusinformation on how
to retrieve the entire corresponding row for each value, as shown in Figure 4-2:

For every row irFlights, there is an entry i@rigindex that includes the
value of theorig_airport column and the address of the row itself. The
entries are stored in ascending order byotig airport values. This set of
entries constitutes the leaf level of the index’s BTREE structure.

One or more abstract levels in the BTREE structure have values that point
into a lower level of the index, much as tab dividers in a three-ring notebook
help you find the correct section quickly. The most abstract level of the
index’s BTREE structure is called the root level. These levels help
Cloudscape determine where to begin an index scan.

orig_index Flights (partial view)

(NEXQ) === > ABQ------- » ABQ == \\ FLIGHT_ID | SE.. | ORIG_AIRPORT [ DEPART_TIM
ABQ ~_ AT 05:00:00
ABQ . ~- iz 1w 093:0000
AKL —— ~ AL AL S TS<owlaiiiz 1 aeg 02:00:00
_______ > Sq ‘\\// Blepti1a 1 PHX 09:00:00
AKL NN ST L peinis 1 e 03:00.00
AKL \ \\;A\ / P ahl 1 OKG 09:00:00
ALB - —————— » ALB \\\</\\ }‘;’—;AAMW 1 AKL 05:00:00

V. ;
____________ N, 9 aattie 1 HNL 133000
RN = LN = GINL //\‘\z’(“\<-vmma 1 AKL 09:0000
LAX = =——-—- > LAX ‘,” ‘\_{, ba1120 1 NRT 08:00:00
LGA ——-=-—-——- > LGA < 4;—‘(’ SR 1 AL 03:00:00
N R " » NRT ,>/;/\ S a2z 1 s 093:0000
oKc 7 S Sl 1 A 03:0000
/ Pty :
L] X (—— » PHX ——————— > PHX 7 7 Wiz 1 e J9000n
SYD -~
Figure 42 The index on therig_airport column helps Cloudscape find

the rows for whiclorig_airport is equal to a specific value.

When an index includes more than one column, the first column is the main one by
which the entries are ordered. For example, the indeftight(id,
segment_number) is ordered first bflight_id. If there is more than orikght_id of
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the samevalue, those entries arethen ordered by segment_number. An excerpt from
the entries in the index might look like this:

"AALLLY
" AA111YT
" AA1112
"AAL113
"AAL113

N R RPN

Indexes are helpful only sometimes. This particular index is useful when a

statement’s WHERE clause is looking for rows for which the valoeigf airport

is some specific value or range of values. SELECTs, UPDATESs, and DELETESs can
all have WHERE clauses.

For exampleQriglndex is helpful for statements such as the following:

SELECT *
FROM Fl i ght s
VWHERE orig_airport = 'SFO

SELECT *
FROM Fl i ghts
VWHERE orig_airport < 'BBB

SELECT *
FROM Fl i ght s
VWHERE orig_airport >='MW

DestIndex is helpful for statements such as the following:

SELECT *
FROM Fl i ghts
VWHERE dest _airport = ' SCL’

The primary key index (oftight_id andsegment_number) is helpful for statements
such as the following:

SELECT *
FROM Fl i ght s
WHERE flight_id = '"AA111Y1’

SELECT *
FROM Fl i ghts
WHERE flight_i d BETVWEEN ' AA1111'" AND ' AA1115’

SELECT *
FROM Fl i ght Avail ability AS fa, Flights AS fts
WHERE flight _date > CURRENT_DATE
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AND fts.flight_id = fa.flight_id
AND fts.segnent _nunber = fa.segment_nunber

The next section discusses why the indexes are hel pful for these statements but not
for others.

What's Optimizable?

Asyou learned in the previous section, Cloudscape may be able to use an index on
acolumn to find data more quickly. If Cloudscape can use an index for a statement,
that statement is said to be optimizable. The statements shown in the preceding
section allow Cloudscape to use the index because their WHERE clauses provide
start and stop conditions. That is, they tell Cloudscape the point at which to begin
its scan of the index and where to end the scan.

For example, a statement with a WHERE clause looking for rows for which the
orig_airport valueisless than BBB means that Cloudscape must begin the scan at
the beginning of the index; it can end the scan at BBB. This means that it avoids
scanning the index for most of the entries.

An index scan that uses start or stop conditionsis called a matching index scan.

NOTE: A WHERE clause can have more than one part. Parts are linked with the
word AND or OR. Each part is called a predicate. WHERE clauses with
predicates joined by OR are not optimizable. WHERE clauses with
predicates joined by AND are optimizableif at |east one of the predicates
is optimizable. For example:

SELECT * FROM Flights
VWHERE flight_id = 'AA1111" AND
segment _nunber <> 2

In this example, the first predicate is optimizable; the second predicate is not.
Therefore, the statement is optimizable.

NOTE: Inafew cases, a WHERE clause with predicates joined by OR can be
transformed into an optimizable statement. See “OR Transformations” on
page A-6.

Directly Optimizable Predicates

Some predicates provide clear-cut starting and stopping points. A predicate
provides start or stop conditions, and is therefore optimizable, when:

Cloudscape Version 3.0
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e ltuses asimple column reference to a column (the name of the column, not
the name of the column within an expression or method call). For example,
the following is a simple column reference:

VWHERE orig_airport = 'SFO

The following is not:

VWHERE orig_airport.toString() = 'SFO

e It refers to a column that is the first or only column in the index.

References toontiguous columns in other predicates in the statement
when there is a multi-column index can further define the starting or
stopping points. (If the columns are not contiguous with the first column,
they are not optimizable predicates but can be usqdatifiers.) For
example, given a composite index BlightAvailability (flight_id,
segment_number, andflight_date), the following predicate satisfies that
condition:

VWHERE flight_id = ' AA1200° AND segnent _number = 2
The following one does not:
WHERE flight_id = ' AA1200' AND flight_date = CURRENT_DATE

e The column is compared tocanstant or to an expression that does not
include columns in the same table. Examples of valid expressions:
other_table.column_a, ? (dynamic parameter§;+9. The comparison must
use the following operators:

IS NULL

Indirectly Optimizable Predicates

Some predicates are transformed internally into ones that provide starting and
stopping points and are therefore optimizable.

Predicates that use the following comparison operators can be transformed
internally into optimizable predicates:

» BETWEEN
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e LIKE (in certain situations)
* IN (in certain situations)

For details on these and other transformations, see Appendix A, “Internal Language
Transformations”.

Joins

Joins specified by the JOIN keyword are optimizable. This means that Cloudscape
can use an index on the inner table of the join (start and stop conditions are being
supplied implicitly by the rows in the outer table).

Note that joins built using traditional predicates are also optimizable. For example,
the following statement is optimizable:

SELECT * FROM Countries, Cities
VWHERE Countries.country_| SO code = Cities.country_| SO code

Covering Indexes

Even when there is no definite starting or stopping point for an index scan, an index
may speed up the execution of a query if the index covers the query. Ardueex

the query if all the columns specified in the query are part of the index. These are
the columns that are all columns referenced in the query, not just columns in a

WHERE clause. If so, Cloudscape never has to go to the data pages at all, but can

retrieve all data through index access alone. For example, in the following queries,
Origlndex covers the query:

SELECT orig_airport
FROM Fl i ght s

SELECT DI STINCT orig_airport.toLowerCase()
FROM Fl i ghts

Cloudscape can get all required data out of the index instead of from the table.

Single-Column Index Examples

The following queries daot provide start and stop conditions for a scan of
Origlndex, the index on therig_airport column inFlights. However, some of these

gueries allow Cloudscape to do an index rather than a table scan because the index

covers the query.

-- QO oudscape woul d scan entire table; conparison is not with a
-- constant or with a colum in another table

Cloudscape Version 3.0
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SELECT *
FROM Fl i ght s
VWHERE orig_airport = dest_airport

-- O oudscape woul d scan entire table; <> operator is not
optim zabl e

SELECT *

FROM Fl i ght s

WHERE orig_airport <> 'SFO

-- not valid operator for matching index scan
-- However, d oudscape would do an index

-- rather than a table scan because

-- index covers query

SELECT orig_airport

FROM Fl i ght s

VWHERE orig_airport <> 'SFO

-- nethod invocation is not sinple colum reference
-- O oudscape woul d scan entire index, but not table
-- (index covers query)

SELECT orig_airport

FROM Fl i ghts

VWHERE orig_airport.toLowerCase() = 'sfo’

Multiple-Column Index Example

Thefollowing queriesdo provide start and stop conditionsfor ascan of the primary
key index on the flight_id and segment_number columnsin Flights:

-- the where cl ause conpares both colums with valid
-- operators to constants

SELECT *

FROM Fl i ghts

VWHERE flight_id = "AA1115’

AND segment _nunber < 2

-- the first colum is in a valid conparison
SELECT *

FROM Fl i ghts

VWHERE flight_id < 'BB

-- LIKE is transformed into >= and <=, providing
-- start and stop conditions

SELECT *

FROM Fl i ght s

VWHERE flight_id LIKE ' AA%
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The following queries do not:

-- segment_number is in the index, but it's not the first column;
-- there’s no logical starting and stopping place

SELECT *

FROM Fl i ght s

VWHERE segnent _nunber = 2

-- Cloudscape would scan entire table; comparison of first column
-- is not with a constant or column in another table

-- and no covering index applies

SELECT *

FROM Fl i ght s

VWHERE orig_airport = dest_airport

AND segment _nunber < 2

Useful Indexes Can Use Qualifiers

Matching index scans can use qualifiers that further restrict the result set.
Remember that a WHERE clause that contains at |east one optimizable predicate
is optimizable. Nonoptimizable predicates may be useful in other ways.

Consider the following query:

SELECT *

FROM FLI GHTS

VWHERE orig_airport < 'BBB
AND orig_airport <> 'AKL’

The second predicate is not optimizable, but the first predicate is. The second
predicate becomes aqualification for which Cloudscape evaluatesthe entriesin the
index asit traversesit.

e The following comparisons are valid qualifiers:

- IS NULL

- BETWEEN
- LIKE

- <>

Cloudscape Version 3.0
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- ISNOT NULL

« The qualifier’s reference to the column does not have to be a simple column
reference; you can put the column in an expression.

e The qualifier's column does not have to be the first column in the index and
does not have to be contiguous with the first column in the index.

When a Table Scan Is Better

Sometimes a table scan is the most efficient way to access data, even if a potentially
useful index is available. For example, if the statement returns virtually all the data
in the table, it is more efficient to go straight to the table instead of looking values
up in an index, because then Cloudscape is able to avoid the intermediate step of
retrieving the rows from the index lookup values.

For example:

SELECT *
FROM Fl i ght s
VWHERE dest _airport < 'Z

In theFlightstable, most of the airport codes begin with letters that are lesg.than
Depending on the number of rows in the table, it is probably more efficient for
Cloudscape to go straight to the table to retrieve the appropriate rows. However, for
the following query, Cloudscape uses the index:

SELECT *
FROM Fl i ght s
VWHERE dest _airport < 'PB

Only a few flights have airport codes that begin with a letter lessBthan

Indexes Have a Cost for Inserts, Updates, and Deletes

Cloudscape has to do work to maintain indexes. If you insert into or delete from a
table, the system has to insert or delete rows in all the indexes on the table. If you
update a table, the system has to maintain those indexes that are on the columns
being updated. So having a lot of indexes can speed up select statements, but slow
down inserts, updates, and deletes.

NOTE: Updates and deletes with WHERE clauses can use indexes for scans, even
if the indexed column is being updated.

Updatable cursors cannot use indexes on updatable columns.
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How Indexes Affect Cursors

For updatabl e cursors, the query optimizer avoids any index that includes an
updatable column. Specifying alist of column namesin the FOR UPDATE clause
alowsthe optimizer to choose anindex on any column not specified. To restrict the
columns that are updatable through the cursor, you can specify alist of column
names in the FOR UPDATE clause.

For example, the following statement cannot use an index during execution and
instead must scan the entire table:

- O oudscape cannot use the index on flight_id because
- all colums are updatabl e

SELECT *

FROM Fl i ghts

WHERE flight_id = 'AA1113

FOR UPDATE

However, the following statement can use indexes:

- O oudscape can use the index on flight_id because it is not an
- updat abl e col um

SELECT *

FROM Fl i ght s

WHERE flight_id = '"AA1113’

FOR UPDATE OF depart_time, arrive_time

Joins and Performance

Joins, SQL-J statements in which Cloudscape sel ects datafrom two or more tables
using one or more key columns from each table, can vary widely in performance.
Factorsthat affect the performance of joinsarejoin order, indexes, and join strategy.

Join Order Overview

The Cloudscape optimizer usually makes a good choice about join order. This
section discusses the performance implications of join order.

In ajoin operation involving two tables, Cloudscape scansthetablesin aparticular
order. Cloudscape accesses rows in one table first, and thistable is now called the
outer table.

Then, for each qualifying row in the outer table, Cloudscape looks for matching
rows in the second table, which is called the inner table.

Cloudscape Version 3.0
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Cloudscape accesses the outer table once, and the inner table probably many times
(depending on how many rows in the outer table qualify).

Thisleads to afew general rules of thumb about join order:

e If the join has no restrictions in the WHERE clause that would limit the
number of rows returned from one of the tables to just a few, the following
rules apply:

- If only one table has an index on the joined column or columns, it is
much better for that table to be the inner table. This is because for each
of the many inner table lookups, Cloudscape can use an index instead of
scanning the entire table, as shown in Figure 4-3.

a b
color |fruit it |food
orange|orange — | ange | juice
red apple t+——""" le |pie
yellow |banana f————— nana| bread
red berry | rry |pie

full table scan

a b
color |fruit fruit |food
orange|orange — | orange | juice
red apple t+——"""" apple | pie
yellow |banana f————— banana| bread
red berry | berry | pie

index lookup

Figure 4-3 In a query that joins tabkewith tableb with no restrictions in
a WHERE clause, Cloudscape scans talolece, and for each
qualifying row (four rows), it looks for data in talidelf there
is no useful index on table Cloudscape scans the entire table
each time. If there is a useful index on tdbl(en the joining
column, fruit), Cloudscape can do a quick index lookup for
each row (four lookups).

- Since indexes on inner tables are accessed many times, if the index on
one table is smaller than the index on another, the table with the smaller
one should probably be the inner table. That is because smaller indexes
(or tables) can be cached (kept in Cloudscape’s memory, allowing
Cloudscape to avoid expensive I/O for each iteration).

« Onthe other hand, if a query has restrictions in the WHERE clause for one
table that would cause it to return only a few rows from that table (for
example, WHERE flight_id ='AA1111"), itis better for the restricted table
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to be the outer table. Cloudscape will have to go to the inner table only a
few times anyway.

Consider:

SELECT *

FROM huge_tabl e, small _table

VWHERE huge_t abl e. uni que_colum =1

AND huge_t abl e. ot her _col unm = snml | _t abl e. non_uni que_col um

In this case, the qualification huge_table.unique_column = 1 (assuming a
unigue index on the column) qualifies only one row, so it is better for
huge_table to be the outer table in the join.

Join Strategies

The default join strategy in Cloudscapeis called anested loop. For each qualifying
row in the outer table, Cloudscape uses the appropriate access path (index or table)
to find the matching rowsin the inner table.

Another available type of join in Cloudscapeis caled ahash join. For joins of this
type, Cloudscape constructs a hash table representing all the selected columns of
theinner table. For each qualifying row in the outer table, Cloudscape doesaquick
lookup on the hash tabl e to get theinner table data. Cloudscape hasto scan theinner
table or index only once, to build the hash table.

Nested loop joins are preferable in most situations.

Hash joins are preferable in situations in which the inner table values are unique
and there are many qualifying rowsin the outer table. Hash joins require that the
statement’s WHERE clause be an optimizable equijoin:

e It must use the = operator to compare column(s) in the outer table to

column(s) in the inner table.

» References to columns inthe inner table must be simple column references.

Simple column references are described in “Directly Optimizable
Predicates” on page 4-5.

The hash table for a hash join is held in memory and if it gets big enough, it can

cause the JVM to run out of memory. The optimizer makes a very rough estimate
of the amount of memory required to make the hash table. If it estimates that the
amount of memory required would exceed 1 MB, the optimizer chooses a nested

loop join instead.

NEW: Beginning in Version 3.0, Cloudscape allows multiple columns as hash

keys. This is a significant performance improvement. Another

improvement in Version 3.0 is that the inner table of a hash join no longer

Cloudscape Version 3.0
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needsto beabasetable (instead of aview, derived table, etc.). Thisexpands
the number of situationsin which Cloudscape can choose a hash join.

Cloudscape’s Cost-Based Optimization

In Version 3.0, the query optimizer makes cost-based decisions to determine:

«  Which index (if any) to use on each table in a query (see “About the
Optimizer’'s Choice of Access Path” on page 4-14)

e Thejoin order (see “About the Optimizer's Choice of Join Order” on page
4-16)

e The join strategy (new in 2.0) (see “About the Optimizer’s Choice of Join
Strategy” on page 4-18)

« Whether to avoid additional sorting (new in 2.0) (see “About the
Optimizer’'s Choice of Sort Avoidance” on page 4-18)

« Automatic lock escalation (new in 2.0) (see “About the Optimizer's
Selection of Lock Granularity” on page 4-21)

* Whether to use bulk fetch (see “About the Optimizer's Selection of Bulk
Fetch” on page 4-24)

About the Optimizer’s Choice of Access Path

In deciding whether to use an index or to do a table scan, the optimizer estimates

the number of rows that will be read (see “When a Table Scan Is Better” on page
4-10). Table scans always require scanning the entire table, so all the rows in the
table will be read. The optimizer knows how many rows are in the table and does
not need to estimate the number (see “Optimizer Accuracy” on page 4-27).

When an index is available, the optimizer must estimate the number of rows that
will be read.

The optimizer will make the most accurate cost estimates about whether to use an
index to access the data in cases when the search values are known. When the exact
start and stop conditions are known at compilation time, the optimizer makes a very
precise estimate of the number of rows that will be read.

If the index is unique, and the WHERE clause involves an = or IS NULL
comparison to all the columns in the index, the optimizer knows that only a single
row will be read.
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In other circumstances, such as in the case when the statement’'s WHERE clause
involves dynamic parameters that are known only at execution time and not
compilation time, or when the statement involves a join, the optimizer has to miake
a rougher estimate of the number of rows that will be read.

For example, the optimizer will make an accurate estimate of the cost of the
following statement:

SELECT *
FROM Fl i ghts
VWHERE orig_airport = 'SFO

because the search value, 'SFQO', is known. The optimizer will be able to make an
accurate estimate of the cost of using the iratex index. As explained in the

section “When a Table Scan Is Better” on page 4-10, it may not be the best plan if
the value 'SFO' appears in a large proportion of coloritn airport.

Stored prepared statements created or recompiled with sample values also allow the
optimizer's decision to be well informed.

On the other hand, in the following statements, the search values are not known in
advance:

-- dynanmi c paraneters
SELECT *

FROM Fl i ght s

VWHERE orig_airport = ?

-- joins
SELECT * FROM Countries, Cities
VWHERE Countries.country | SO code = Cities.country_| SO code

-- conpl ex search conditions
SELECT * FROM Gr oups
WHERE tour | evel = Tour->ECONOWTOURLEVEL

In the above SELECT statements, the optimizer’s decision as to whether to use
indexes is less well informed.

Estimating Row Counts for Unknown Search Values

The way the optimizer estimates the number of rows that will be read when search
values are unknown in advance is as follows: It multiplies the number of rows in
the table by theelectivity for a particular operation. An operation’s selectivity is a
fixed number that attempts to describe the percentage of rows that will probably be
returned; it may not correspond to the actual selectivity of the operation in every
case. Itis an assumption hard-wired into the Cloudscape system. For example, if a

Cloudscape Version 3.0
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particular operation hasaselectivity of .5 (50%) and thereare 100 rowsin theindex,
the optimizer estimatesthat it will haveto touch 50 rows. It usesthis estimateinits
cost estimate.

Table 4-1 shows what selectivity is assumed for various operations.

Table 4-1 Selectivity for Various Operations for Index Scans When Search Values Are
Unknown in Advance

Operator Selectivity

=, >z, >, <=, <, <> when data type of parameter is a boolean .5 (50%)

other operators (except for ISNULL and ISNOT NULL) whendata | .5 (50%)
type of parameter is boolean

ISNULL 1 (10%)
ISNOT NULL .9 (90%)

= .1 (10%)

> >z, <, <= .33 (3%)

<> compared to non-bool ean type .9 (90%)
LIKEtransformed from LIKE predicate (see “LIKE Transformations” | 1.0 (100%)
on page A-3)

>= and < when transformed internally from LIKE (see “LIKE .25(5X.5)

Transformations” on page A-3)

>= and <= operators when transformed internally from BETWEEN25 (.5 X .5)
(see “BETWEEN Transformations” on page A-3)

About the Optimizer’s Choice of Join Order

The optimizer chooses the optimal join order as well asthe optimal index for each
table. The join order can affect which index is the best choice. The optimizer may
choose an index as the access path for atableif it isthe inner table, but not if itis
the outer table (and there are no further qualifications).

The optimizer choosesthejoin order of tablesonly in simple FROM clauses. Most
joins using the JOIN keyword are flattened into simple joins, so the optimizer
chooses their join order.

The optimizer does not choose the join order for outer joins; it uses the order
specified in the statement.

When selecting ajoin order, the optimizer takes into account:

* the size of each table
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» the indexes available on each table
« whether an index on a table is useful in a particular join order

» the number of rows and pages to be scanned for each table in each jo
order

n

NOTE: Cloudscape does transitive closure on qualifications. For details, see
“Transitive Closure” on page A-7.

Join Order Case Study
For example, consider the following situation:

TheFlights table (as you know) stores information about flight segments. It has a
primary key on thdlight_id andsegment_number columns. This primary key
constraint is backed up by a unique index on those columns.

TheFlightAvailability table, which stores information about the availability of
flight segments on particular days, may store several rows for a particular row in
theFlights table (one for each date).

You want to see information about all the flights, and you issue the following query:

SELECT *

FROM Fl i ght Avail ability AS fa, Flights AS fts
WHERE fa.flight_id = fts.flight_id

AND fa.segnment _nunber = fts.segment_nunber

First imagine the situation in which there are no useful indexes on the
FlightAvailability table.

Using the join order witlirlightAvailability as the outer table afdights as the
inner table is cheaper because it allowsflitght_id/segment_number columns
from FlightAvailability to be used to probe into and find matching rowHiights,
using the primary key index ddights.flight_id andFlights.segment_number.

This is preferable to the opposite join order—wtights as the outer table and
FlightAvailability as the inner table—because in that case, for each relights,
the system would have to scan the erflightAvailability table to find the
matching rows (since there is no useful index—one ofiie_id/
segment_number columns).

Second, imagine the situation in which there is a useful index on the
FlightAvailability table (this is actually the case in the sample database).
FlightAvailability has a primary key index dlight_id, ssgment_number, and
booking_date. In that index, thdight_id-segment_number combination is not
unique, since there is a one-to-many correspondence betweddigtitetable and
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the FlightAvailability table. However, theindex is still very useful for finding rows
with particular flight_id/segment_number values.

You issue the same query:

SELECT *

FROM Fl i ght Avail ability AS fa, Flights AS fts
WHERE fa.flight_id = fts.flight_id

AND f a. segnent _nunber = fts.segnment_nunber

Although the differencein cost is smaller, it is still cheaper for the Flightstable to

be the inner table, because itsindex is unique, whereas FlightAvailability's index

is not. That is because it is cheaper for Cloudscape to step through a unique index
than through a non-unique index.

About the Optimizer’s Choice of Join Strategy

The optimizer compares the cost of choosing ahash join (if ahash join ispossible)
to the cost of choosing a nested loop join and chooses the cheaper strategy. For
information about when hash joins are possible, see“Join Strategies” on page 4-13.

In some cases, the size of the hash table that Cloudscape would have to build is
prohibitive and can cause the JVM to run out of memory. For this reason, the
optimizer has an upper limit on the size of a table on which it will consider a hash
join. It will not consider a hash join for a statement if it estimates that the size of
the hash table would exceed 1 MB. The optimizer’s estimates of size of hash tables
are approximate only.

NOTE: This limit does not apply if the query explicitly specifies hash join in an
optimizer override (see “Overriding the Optimizer's Choice of Join
Strategy” on page 4-26).

About the Optimizer’s Choice of Sort Avoidance

Some SQL statements require that data be ordered, including those with ORDER
BY, GROUPBY, and DISTINCT. MIN() and MAX() aggregates also require
ordering of data.

Cloudscape can sometime avoid sorting steps for:

» statements with ORDER BY
See “Cost-Based ORDER BY Sort Avoidance” on page 4-19

Cloudscape can also perform the following optimizations, but they are not based
on cost:
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» sort avoidance for DISTINCT and GROUP BYs

See “Non-Cost-Based Sort Avoidance (Tuple Filtering)” on page 4-30
» statements with a MIN() aggregate

See “The MIN() and MAX() Optimizations” on page 4-32

Cost-Based ORDER BY Sort Avoidance

Usually, sorting requires an extra step to put the data into the right order. This extra
step can be avoided for data that are already in the right order. For example, if a
single-table query has an ORDER BY on a single column, and there is an index on
that column, sorting can be avoided if Cloudscape uses the index as the access path.

Where possible, Cloudscape’s query compiler transforms an SQL-J statement
internally into one that avoids this extra step. For information about internal
transformations, see “Sort Avoidance” on page A-17. This transformation, if it
occurs, happens before optimization. After any such transformations are made, the
optimizer can do its part to help avoid a separate sorting step by choosing an already
sorted access path. It compares the cost of using that path with the cost of sorting.
In Version 3.0, it does this for statements that use an ORDER BY clause in the
following situations:

* The statements involve tables with indexes that are in the correct order.
* The statements involve scans of unique indexes that are guaranteed to
return only one row per scan.

ORDER BY specifies a priority of ordering of columns in a result set. For example,
ORDER BY X, Y means that columfhas a more significant ordering than column
Y.

The situations that allow Cloudscape to avoid a separate ordering step for
statements with ORDER BY clauses are:

» Index scans, which provide the correct order.

- covering index
SELECT flight_id FROM Flights ORDER BY flight_id

e The rows from a table when fetched through an index scan.

- if doudscape uses the index on orig_airport
- to access the data, it can avoid the sort

- required by the final ORDER BY

SELECT orig_airport, mles

FROM FLI GHTS
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VWHERE orig_airport < 'DDD
ORDER BY orig_airport

The rows from a join when ordered by the indexed column or columns in
the outer table.

-- if Odoudscape chooses Gties as the outer table, it

-- can avoid a separate sorting step

SELECT * FROM cities, countries

VWHERE cities.country | SO code = countries.country_| SO code
AND cities.country_ | SO code < ' DD

ORDER BY cities.country_| SO code

Result sets that are guaranteed to return a single row. They are ordered on
all of their columns (for example, if there are equality conditions on all the
columns in a unique index, all the columns returned for that table can be
considered ordered, with any priority of ordering of the columns).

-- query will only return one row, so that rowis

-- “in order” for ANY column

SELECT mi | es

FROM Fl i ghts

VWHERE flight_id = *US1381' AND segnent _number = 2
ORDER BY nmiles

Any column in a result set that has an equality comparison with a constant.
The column is considered ordered with no priority to its ordering.

-- The conpari son of segment _nunber

-- to a constant means that it is always correctly

-- ordered. Wsing the index on (flight _id, segnent_nunber)
-- as the access path neans

-- that the ordering will be correct for the CRDER BY
-- clause in this query. The sane thing would be true if
-- flight_id were conpared to a constant instead.
SELECT segment _nunber, flight_id

FROM Fl i ghts

VWHERE segment _nunber =2

ORDER BY segnent _number, flight_id

And because of transitive closure, this means that even more complex
statements can avoid sorting. For example:

-- transitive closure means that O oudscape will

-- add this clause:

-- AND countries.country_| SO code = 'CL', which neans

-- that the ordering colum is now conpared to a constant,
-- and sorting can be avoi ded.
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SELECT * FROM cities, countries

VWHERE cities.country_ | SO code = ' CL’

AND cities.country | SO code = countries.country_ | SO code
ORDER BY countries.country_| SO code

For more information about transitive closure and other statement
transformations, see Appendix A, “Internal Language Transformations”.

« Simple Values clauses. Simple values clauses are flattened, allowing
ordering on their columns to be eliminated. For example:

SELECT *

FROM (VALUES (1,2,3)) AS S (x,Y,2z),
(VALUES (1, 5, 6)) AS T(a,b,c)
WHERE s.x =t.a

ORDER BY s. X

In this case, the values clauses is flattened sa.thstknown to be a
constant, and sorting can be avoided.

About the Optimizer’s Selection of Lock Granularity

When a system is configured for row-level locking, the optimizer decides whether
to use table-level locking or row-level locking for each table in each DML
statement. The optimizer bases this decision on the number of rowsread or written
for each table, and on whether a full conglomerate scan is done for each table.

NOTE: When you have turned off row-level locking for your system, Cloudscape
always uses table-level locking. The optimizer’s decisions are ignored.

The first goal of the optimizer's decision is concurrency; wherever possible, the
optimizer chooses row-level locking. However, row-level locking uses a lot of
resources and may have a negative impact on performance. Sometimes row-level
locking does not provide much more concurrency than table-level locking. In those
situations, the optimizer may choose to escalate the locking scheme from row-level
locking to table-level locking to improve performance. For example, if a connection
is configured for TRANSACTION_SERIALIZABLE isolation, the optimizer
chooses table-level locking for the following statement:

SELECT *

FROM Fl i ght Avail ability AS fa, Flights AS fts
WHERE fts.flight_id = fa.flight_id

AND fts.segnent _nunber = fa.segnent_nunber

To satisfy the isolation requirements, Cloudscape would have to lock all the rows
in both theFlightAvailability and tha-lightstables. Locking both the tables would
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be cheaper, would provide the same isolation, and would allow the same
concurrency.

NEW: Beginningin Version 3.0, you can force lock escalation for specific tables
when you create or ater them with a SET LOCKING clause. For these
tables, Cloudscape always chooses table-level locking. For more
information, see “CREATE TABLE statement” on page 1-48 in the
Cloudscape Reference Manual.

How the Optimizer Makes Its Decision at Compile Time

The optimizer determines the statement execution plan when a statement is
compiled. A statement’s isolation level may change at execution time; the optimizer
cannot know what the statement’s runtime isolation level will be. Therefore, the
optimizer makes a decision about the lock granularity (whether to lock rows or
entire tables) for a statement assuming that the statement will have
TRANSACTION_SERIALIZABLE isolation, since that is the most restrictive.

The optimizer uses the following rules:

- Ifthe statement scans the entire table or index, the optimizer chooses table-
level locking. (A statement scans the entire table whenever it chooses a
table as the access path.)

« If a statement partially scans the index, the optimizer makes its decision
based on its estimate of the number of index rows that witiumhed

during statement execution. If the estimated number of rows touched

exceeds a threshold number, the optimizer chooses table-level locking.

(You can configure this threshold number; see “Lock Escalation

Threshold” on page 4-24.)

- For SELECT, UPDATE, and DELETE statements, the number of rows
touched is different from the number of rows read. If the same row is
read more than once, it is considered to have been touched only once.
Each row in the inner table of a join may be read many times, but may
be touched at most one time.

- For INSERT statements, the number of rows touched in the table being
inserted into will be same as the number of rows inserted.

« For INSERT statements withsertMode set tobulkinsert or replace, the
optimizer always chooses table-level locking.

Here are some examples that illustrate the choices the optimizer makes at compile
time:
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-- ptimzer chooses table locking for full scan
SELECT *
FROM ny_t abl e

-- Snmal|l nunber of rows natched,
-- optimzer chooses row | ocki ng
SELECT *

FROM ny_t abl e

VWHERE primary_key = 17

-- Large nunber of rows matched,
-- optimzer chooses table | ocking
SELECT *

FROM ny_t abl e

VWHERE sequence_nunber >= 1

AND sequence_number <= 10000

-- Presune other_table is inner table

-- optimzer will choose table |Iocking

-- due to large nunber of rows touched

SELECT *

FROM million_row table, other_table

VWHERE mi | lion_row_ table.x = other_table.prinmary_key

-- Row | ocki ng, because only one row inserted
| NSERT | NTO nmy_t abl e VALUES (10, 12, 3)

-- Table locking on ny_table, because of
-- large nunber of rows inserted
I NSERT | NTO nmy_table SELECT p FROM m | lion_row_table

-- Table I ocking on ny_table because of bulk insert

I NSERT | NTO ny_t abl e PROPERTI ES i nsert Mode = bul kl nsert
SELECT *

FROM NEW Fi | el nport (" nmyfile.asc’) AS t

-- Row | ocking due to small nunber of rows updated
UPDATE ny_table SET x = 3

VWHERE primary_key = 17

--Table locking due to all rows affected (table scan)
UPDATE ny_table SET a = 3

-- Table locking due to | arge nunber of rows del eted
DELETE FROM ny_t abl e

VWHERE sequence_nunber >= 1

AND sequence_number <= 10000
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Lock Escalation Threshold

The system property cloudscape.locks.escalationThreshold determines the
threshold for number of rows touched for a particular table above which the
optimizer will choosetable-level locking. The default val ue of this property is5000.
For large systems, set this property to ahigher value. For smaller systems, lower it.

This property also sets the threshold for transaction-based lock escalation (see
“Transaction-Based Lock Escalation” on page 4-28).

Runtime Overrides

The optimizer's assumptions about isolation level would diminish the benefits of
having a lower isolation level if its decisions could not be overridden. Before
executing statements, the runtime system makes the following override:

e For SELECT statements running in READ_COMMITTED isolation, the
system always chooses row-level locking.

For all other statements (which require exclusive locks), the system lets the
optimizer's compile-time decisions stand.

NOTE: For more information about lock escalation, see “Locking and
Performance” on page 4-28.

About the Optimizer’s Selection of Bulk Fetch

When Cloudscape retrieves data from a conglomerate, it can fetch more than one
row at atime. Fetching more than onerow at atimeiscalled bulk fetch. By default,
Cloudscape fetches 16 rows at atime.

Bulk fetch isfaster than retrieving one row at atime when alarge number of rows
qualify for each scan of the table or index. Bulk fetch uses extra memory to hold
the prefetched rows, so it should be avoided in situations in which memory is
scarce.

Bulk fetchisautomatically turned off for updatable cursors, for hashjoins, for state-
ments in which the scan returns asingle row, and for subqueries. It is useful, how-
ever, for table scans or index range scans:

SELECT *

FROM Fl i ght s
WHERE niles > 4

SELECT *
FROM Fl i ghts
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The default size for bulk fetch (16 rows) typically provides good performance.

Overriding the Optimizer

The optimizer usually makes a good choice about access path and join order. In
addition, thedefault join strategy (nested |oop) and the default bulk fetch buffer size
(16) are usually appropriate. However, in some complex situations, the optimizer
may not make the best choice, and the defaults may not be optimal. Cloudscape
alows you to add various PROPERTIES clauses to an SQL-J statement to force a
particular choice or to choose a value other than the default.

You can override the optimizer’s choice of:

e access path

e join order

e join strategy (new in 2.0)
e join type

bulk fetch size

In addition, you can tune the ways the optimizer and the system escalate locking to
improve performance.

To override the optimizer, use an optimizer override property in the SQL-J
statement’s FROM clause or after a partictteExpression.

See Chapter 6, “Optimizer Overrides”, for complete details on optimizer override
properties.

Overriding the Optimizer’s Choice of Access Path
You may want to force a particular access path such as a table scan. For example:

SELECT *
FROM Countri es PROPERTI ES i ndex=nul |
VWHERE country_I SO code = ' US

See the index and constraint propertiesin Chapter 6, “Optimizer Overrides”.

Overriding the Optimizer’s Choice of Join Order

The joinOrder property in the FROM clause allows you to “fix” a particular join
order—the order of items as they appear in the FROM clause. Otherwise, the
optimizer makes its own choice about join order. For example:
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SELECT Country, City
FROM PROPERTI ES j 0i nOr der =FI XED Countries, Cities
VWHERE Countries.country | SO code = Cities.country_| SO code

See the joinOrder property in Chapter 6, “Optimizer Overrides”.

Overriding the Optimizer’s Choice of Join Strategy

Cloudscape allows you to override the optimizer’s choice of join strategy in a
PROPERTIES clause. In most cases, the optimizer makes a good choice of join
strategy. For example:

SELECT *
FROM PROPERTI ES j oi nOrder = FI XED
Flight Availability AS fa, Flights AS fts
PROPERTI ES j oi nSt r at egy=hash
WHERE fts.flight_id = fa.flight_id
AND fts.segnent _nunmber = fa.segnent_nunber

See thgoinStrategy property in Chapter 6, “Optimizer Overrides”.

Overriding the Optimizer’s Choice of Fetch Size

Cloudscape allows you to override the default bulk-fetch buffer size (16) ina
PROPERTIES clause. In future rel eases, the optimizer will automatically choose
the best bulk-fetch size for each table in aquery.

For example:

SELECT *
FROM Fl i ghts
PROPERTI ES bul kFetch = 64

See the bulkFetch property in Chapter 6, “Optimizer Overrides”.

Tuning Lock Granularity

As explained in the section “About the Optimizer's Selection of Lock Granularity”
on page 4-21, you can tune the ways both the optimizer and the runtime system
escalate locks from row-level locking to table-level locking to improve
performance. See alsoltdudscape.locks.escalationThreshold” on page 5-48.
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Optimizer Accuracy

The optimizer estimates are not guaranteed to be accurate. The optimizer uses a
stored row count to determine the number of rows in atable, which is maintained
automatically by the system. However, it is not stored for tables that were created
prior to Version 1.5 and upgraded. This could cause the optimizer to come up with
suboptimal plans for these tables.

Normally, an updated value is stored in the database whenever the database goes
through an orderly shutdown (aslong as the database is not read-only). Stored row
counts becomeinaccurate if thereisanon-orderly shutdown (for example, a power
failure or other type of system crash).

You can correct the optimizer’s row count without shutting down the system;
Cloudscape sets the stored row count for a table to the correct value whenever a
guery that does a full scan on the base conglomerate finishes. For example,
executing the following query sets the row count for t&tights to the correct

value:

SELECT *
FROM Fl i ght s PROPERTI ES i ndex=nul |

Cloudscape also sets the stored row count on a table to the correct value whenever
a user creates a new index or primary key, unique, or foreign key constraint on the
table. This value is not guaranteed to be written to disk.

Providing Costing Information for VTls

Cloudscape allows you to make costing information available to the optimizer with
some optional extensions.

NEW: Costing information for a VTI class is new in Version 3.0. In addition, you
can specify that a VTI class can only be instantiated once during the
compilation and execution of a statement. Finally, another change is that a
VTI can be chosen for a hash join.

By implementing the optional interfa€®M.cloudscape.vti.VTICosting, your VTI
class can provide the following information to the Cloudscape optimizer:

» estimated cost

e estimated cost per instantiation

e whether the class supports multiple instantiations

If the class does not support multiple instantiations, and the external virtual
table instantiation of it is used in the context of a join, Cloudscape will
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consider the external virtual table astheinner tableonly if thejoinisahash
join or anested loop join in which the inner table is materialized. (In such
asituation, if the external virtual table instantiation of the classtakesajoin
column as a parameter, the optimizer cannot choose alegal join order for
the query and an exception is thrown.)

For information about programming V TI classes to provide such information, see
“Providing Costing Information” on page 5-22 in tB®udscape Developer's
Guide.

Locking and Performance

Row-level locking improves concurrency in amulti-user system. However, alarge

number of row locks can degrade performance. “About the Optimizer's Selection

of Lock Granularity” on page 4-21 discussed the way the optimizer makes some
compile-time decisions about escalating row locks to table locks for performance
reasons. This section discusses ways in which the Cloudscape system and the user
can make similar lock escalations.

e ‘“Transaction-Based Lock Escalation” on page 4-28
« “LOCK TABLE Statement” on page 4-30

Transaction-Based Lock Escalation

The optimizer makes its decisions for the scope of a single statement at compile
time; the runtime overrides are also for the scope of a single statement. As you
know, a transaction may span several statements. For connections running in
TRANSACTION_SERIALIZABLE isolation and for connections that are doing a

lot of inserts or updates, a transaction may accumulate a number of row locks even
though no single statement would touch enough rows to make the optimizer choose
table-level locking for any single table.

However, during a transaction, the Cloudscape system tracks the number of locks
for all tables in the transaction, and when this number exceeds a threshold number
(which you can configure; see “Lock Escalation Threshold” on page 4-24), the
system attempts to escalate locking for at least one of the tables involved from row-
level to table-level locking.

The system attempts to escalate to table-level locking for each table that has a
burdensome number of locks by trying to obtain the relevant table lock. If the
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system can lock the table without waiting, the system locks the entire table and
releases all row locks for the table. If the system cannot lock the table without
waiting, the system leaves the row locks intact.

Onceatableislockedin either mode, atransaction does not acquire any subsequent
row-level lockson atable. For example, if atransaction locksthe entire Hotelstable
in share mode in order to read data, it may later need to lock a particular row in
exclusive mode in order to update the row. However, the previous table-level lock
on Hotels forces the exclusive lock to be table-level as well.

This transaction-based runtime decision is independent of any compilation
decision.

If when the escalation threshold was exceeded the system did not obtain any table
locks because it would have had to wait, the next lock escal ation attempt is delayed
until the number of held locks has increased by some significant amount, for
example from 5000 to 6000.

Here are some exampl es assuming the escalation threshold is 5000:

» single table holding the majority of the locks

Table Number of Row Locks | Promote?
Hotels 4853 yes
Countries | 3 no
Cities 12 no

two tables holding the majority of the locks

Table Number of Row Locks | Promote?
Hotels 2349 yes
Countries | 3 no
Cities 1800 yes

many tables holding a small number of locks

Table Number of Row Locks | Promote?
table001 | 279 no
table002 | 142 no
table003 | 356 no
table004 | 79 no
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Table Number of Row Locks Promote?
tablel94 | 384 no
tablel95 | 416 no

LOCK TABLE Statement

In addition, you can explicitly lock atable for the duration of atransaction with the
LOCK TABLE statement. Thisisuseful if you know in advance that an entire table
should be locked and want to save the resources required for obtaining row locks
until the system escalates the locking. For information about this feature, see
“LOCK TABLE statement” on page 1-91 of ti@koudscape Reference Manual.

Non-Cost-Based Optimizations

The optimizer makes some non-cost-based optimizations, which means that it does
not consider them when determining the access path and join order. If all the
conditions are right, it makes the optimizations after the access path and join order
are determined.

*  “Non-Cost-Based Sort Avoidance (Tuple Filtering)” on page 4-30
e “The MIN() and MAX() Optimizations” on page 4-32

Non-Cost-Based Sort Avoidance (Tuple Filtering)

In most cases, Cloudscape needs to perform two separate steps for statements that
use DISTINCT or GROUP BY: first sorting the selected columns, then either
discarding duplicate rows or aggregating grouped rows. Sometimes it is able to
avoid sorting for these statements with tuple filteriugpl e filtering means that the

rows arealready in a useful order. For DISTINCT, Cloudscape can simply filter out
duplicate values when they are found and return results to the user sooner. For
GROUP BY, Cloudscape can aggregate a group of rows until a new set of rows is
detected and return results to the user sooner.

These are non-cost-based optimizations; the optimizer does not yet consider the
cost of these optimizations.

The examples in this section refer to the following tables:
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CREATE TABLE t1(cl INT, c2 INT, c¢3 INT, c4 INT)

CREATE INDEX i1 ON t1(cl)

CREATE INDEX i1 2 3 4 ON t1(cl, c2, c3, c4)

DISTINCT

Tuplefiltering is applied for a DISTINCT when the following criteria are met:
e« The SELECT list is composed entirely of simple column references and
constants.

« All simple column references come from the same table and the optimizer
has chosen the table in question to be the outermost table in the query
block.

« The optimizer has chosen an index as the access path for the table in
question.

* The simple column references in the SELECT list, plus any simple column
references from the table that have equality predicates on them, are a prefix
of the index that the optimizer selected as the access path for the table.

NOTE: The set of column references must be an in-order prefix of the index.
Here is the most common case in which tuple filtering will be applied:

SELECT DI STINCT c1 FROMt1

Equality predicates allow tuple filtering on the following:

SELECT DI STI NCT ¢2
FROM t 1 PROPERTIES index = i1 2 3 4
WHERE c1 = 5

SELECT DI STINCT c2, c4
FROM t1 PROPERTIES index = i1 2 3 4
WHERE c1 = 5 and c3 = 7

-- the columns don't have to be in the

-- same order as the index

SELECT DI STINCT c2, cl

FROM t1 PROPERTIES index =il 2 3 4

Quick DISTINCT Scans

Cloudscape can use a hash table instead of a sorter to eliminate duplicates when
performing a DISTINCT in the following cases:
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e There is a single table in the query block.

« An ORDER BY clause is not merged into the DISTINCT.

e All entries in the SELECT list are simple column references.
« There are no predicates in the query block.

This technigue allows for minimal locking when performing the scan at the READ
COMMITTED isolation level.

NEW: This technique appears in RunTimeStatistics RstnctScanResultSet
and is new in Version 3.0.

GROUP BY
Tuple filtering is applied for a GROUP BY when the following criteria are met:
e All grouping columns come from the same table and the optimizer has

chosen the table in question to be the outermost table in the query block.

« The optimizer has chosen an index as the access path for the table in
guestion.

e The grouping columns, plus any simple column references from the table
that have equality predicates on them, are a prefix of the index that the
optimizer selected as the access path for the table.

Here is the most common case in which tuple filtering will be applied:

SELECT max(c2) FROM t1l GROUP BY cl

Equality predicates allow tuple filtering on the following:

SELECT c¢2, SUMc3)
FROM t 1 PROPERTIES index = i1l 2 3 4
WHERE c1 = 5 GROUP BY c2

SELECT max(c4)
FROM t 1 PROPERTIES index =il 2 3 4
WHERE c1 = 5 AND ¢c3 = 6 GROUP BY c2

The MIN() and MAX() Optimizations

The optimizer knows that it can avoid iterating through all the source rows in a
result to compute a MIN() or MAX() aggregate when data are already in the right
order. When data are guaranteed to be in the right order, Cloudscape can go
immediately to the smallest (minimum) or largest (maximum) row.
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The following conditions must be true:

e The MIN() or MAX() is the only entry in the SELECT list.
e The MIN() or MAX() is on a simple column reference, not on an

expression.
e For MAX(), there must not be a WHERE clause.
e For MIN():

- The referenced table is the outermost table in the optimizer's chosen join
order for the query block.

- The optimizer chose an index containing the referenced column as the
access path.

- The referenced column is the first key column in that index OR the
referenced column is a key column in that index and equality predicates
exist on all key columns prior to the simple column reference in that
index.

NEW: The MAX() optimization is new in Version 3.0.

For example, the optimizer can use this optimization for the following queries (if
the optimizer uses the appropriate indexes as the access paths):

-- index on orig_airport
SELECT M N(orig_airport)
FROM Fl i ghts

-- index on orig_airport
SELECT MAX(orig_airport)
FROM Fl i ght s

-- index on orig_airport

SELECT miles FROM Flights

VWHERE orig_airport = (SELECT M N(orig_airport)
FROM Fl i ghts)

-- index on segment _nunber, flight_id
SELECT M N(segnent _numnber) FROM Fl i ghts
VWHERE flight_id = '"AA111Y1’

SELECT * FROM Fl i ghts WHERE segnent _nunber = ( SELECT
M N(segnment _nunber) FROM Fl i ghts
WHERE flight_id = 'AA1111")

The optimizer decides whether to implement the optimization after choosing the
plan for the query. The optimizer does not take this optimization into account when
costing the plan.

Cloudscape Version 3.0



4-34 DML Statements and Performance

Tuning Cloudscape



5 Cloudscape Properties

A property in Cloudscape belongs to one or more of these scopes (for more

information about scopes, precedence, and persistence, see “Properties Overview”

on page 1-1):

NOTE:

system-wide

System-wide properties apply to an entire system, including all its
databases and tables if applicable.

- Set programmatically

System-wide properties set programmatically have precedence over
database-wide properties and system-wide properties set in the
cloudscape.propertiefile.

- Setin the cloudscape.propertiefile

database-wide
A database-wide property is stored in a database and is valid for that
specific database only.

To beincluded in a publication in a synchronization system, a property
must be a database-wide property. You can publish any database-wide
property. Full-access users can also set database properties at targets.

Database-wide properties are stored in the database and are simpler for
deployment. System-wide parameters are probably easier for development.

conglomerate-specific

Conglomerate-specific propertiesare set at table or index creation timeand
define storage attributes for the specific table or index only; therest of the
database uses the value of the property that is set at a database-wide or
system-wide level. For more information, see “Conglomerate-Specific
Properties” on page 1-8.
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Cloudscape Properties

This chapter includes all the core Cloudscape properties. For synchronization-

related properties, see the Cloudscape Synchronization Guide. For Cloudconnector
properties (which are set in a different file), see the Cloudscape Server and
Administration Guide. For optimizer override properties, see Chapter 6, “Optimizer
Overrides”.

NOTE: When setting properties that have boolean values, be sure to trim|extra
spaces around the watrdie. Extra spaces around the warde cause
the property to be set to false.

Table 5-1 summarizes the general Cloudscape properties. In that table, S stands for
system-wide, and D stands for database-wide. X means yes.

Table 5-1 Cloudscape Properties

New
Property in 3.0 Scope Publishable | Dynamic
“cloudscape.authentication.ldap.searchAuthDN” S, D X
on page 5-5
“cloudscape.authentication.|dap.searchAuthPW’ on S D X
page 5-7
“cloudscape.authentication.|dap.searchBase” on page S, D X
5-8
“cloudscape.authentication.ldap.searchFilter” on S, D X
page 5-9
“cloudscape.authentication.provider” on page 5-11 S,D X
“cloudscape.authentication.server” on page 5-13 S, D X
“cloudscape.connection.requireAuthentication” on S, D X
page 5-15
“cloudscape.database.classpath” on page 5-17 SD X X*
“cloudscape.database.defaultConnectionMode” on S D X X*
page 5-19
“cloudscape.database forceDatabaselL ock” on page | X S
5-21
“cloudscape.database.full AccessUsers” on page 5-22 SD X X*
“cloudscape.database.noAutoBoot” on page 5-24 D
“cloudscape.database.propertiesOnly” on page 5-25 D X X
“cloudscape.database.readOnlyAccessUsers’ on page SD X X*
5-26
“cloudscape.infolog.append” on page 5-28 S
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Table 5-1 Cloudscape Properties

New
Property in 3.0 Scope Publishable | Dynamic
“cloudscape.jdbc. metadataStoredPreparedStatements” S X
on page 5-29
“cloudscape.language.bulkFetchDefault” on page S D X X
5-31
“cloudscape.language.defaultl solationLevel” on page S, D X
5-33
“cloudscape.language.logStatementText” on page S D X
5-35
“cloudscape.language.preloadClasses” on page 5-36 S D X X
“cloudscape.language.spsCacheSze” on page 5-37 S,D X
“cloudscape.language.stalePlanCheckinterval” on X S D X
page 5-39
“cloudscape.language.statementCacheSze” on page S D X
5-41
“cloudscape.language.triggerMaximumRecursionLeve | X D X X
I” on page 5-43
“cloudscape.locks.deadlockTimeout” on page 5-45 S, D X X
“cloudscape.locks.deadlockTrace” on page 5-47 X S, D X
“cloudscape.|ocks.escalationThreshold” on page 5-48 SD X X
“cloudscape.locks.deadlockTrace” on page 5-47 X S D X X
“cloudscape.locks.monitor” on page 5-50 X S, D X X
“cloudscape.lockswaitTimeout” on page 5-51 X SD X X
“cloudscape.service” on page 5-53 S X
“cloudscape.storage.initialPages’ on page 5-55 C
“cloudscape.storage.minimumRecordSize” on page S D,C | X X
5-57
“cloudscape.storage.pageCacheSize” on page 5-59 S
“cloudscape.storage.pageReservedpace” on page SD,C | X X
5-60
“cloudscape.storage.pageSze’ on page 5-62 S,D,C | X X
“cloudscape.storage.rowLocking” on page 5-64 S D X
“cloudscape.storage.tempDirectory” on page 5-66 S D X
“cloudscape.stream.error.field” on page 5-68 S
“cloudscape.stream.error.file’ on page 5-69 S
“cloudscape.stream.error.logSeverityLevel” on page S
5-70
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Table 5-1 Cloudscape Properties

New
Property in 3.0 Scope Publishable | Dynamic
“cloudscape.stream.error.method” on page 5-71 S
“cloudscape.system.bootAll” on page 5-72 S
“cloudscape.system.home” on page 5-73 S
“cloudscape.user.UserName” on page 5-74 S D X X

*

See the man page for this property for information about when changesto it are

dynamic.
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cloudscape.authentication.ldap.searchAuthDN

Along with cloudscape.authentication.ldap.searchAuthPW, this property indicates
how Cloudscape should bind with the LDA P directory server to do searchesfor user
DN (distinguished name). This property specifiesthe DN;
cloudscape.authentication.ldap.searchAuthPW specifies the password to use for
the search.

If these two properties are not specified, an anonymous search is performed if itis
supported.

For more information about LDAP user authentication, see “LDAP Directory
Service” on page 8-9 of tHeloudscape Developer’'s Guide.

Syntax

cl oudscape. aut henti cati on. | dap. sear chAut hDn=DN

Default

If not specified, an anonymous search is performed if it is supported.

Example

-- systemw de property

cl oudscape. aut henti cati on. | dap. sear chAut hDn=
cn=guest, o=cl oudscape. com

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. aut henti cati on. | dap. sear chAut hDn’ ,
' cn=guest, o=cl oudscape. comi)

-- publishing a database-wi de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. aut henti cati on. | dap. sear chAut hDn=
' cn=guest, o=cl oudscape. com

Scope
system-wide
database-wide (publishable)

Cloudscape Version 3.0
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Static or Dynamic

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.
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cloudscape.authentication.ldap.searchAuthPW

Along with cloudscape.authentication.ldap.searchAuthDN, indicates how
Cloudscape should bind with the directory server to do searchesin order toretrieve
afully qualified user DN. This property specifies the password;
cloudscape.authentication.ldap.searchAuthDN specifies the DN to use for the
search.

For more information about LDAP user authentication, see “LDAP Directory
Service” on page 8-9 of th@loudscape Developer's Guide.

Default

If not specified, an anonymous search is performed if it is supported.

Example

-- systemwi de property
cl oudscape. aut henti cati on. | dap. sear chAut hPWeguest Passwor d

-- dat abase-wi de property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. aut henti cati on. | dap. sear chAut hPW ,
' guest Password’)

-- publishing a database-wi de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. aut henti cati on. | dap. sear chAut hPWs
' guest Passwor d’

Scope
system-wide
database-wide (publishable)

Static or Dynamic

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.

Cloudscape Version 3.0
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cloudscape.authentication.ldap.searchBase

Function

Specifiesthe root DN of the point in your hierarchy from which to begin aguest or
anonymous search for the user’'s DN. For example:

ou=peopl e, o=cl oudscape. com

When using Netscape Directory Server, set this property to the root DN, the special
entry to which access control does not apply.

For more information about LDAP user authentication, see “LDAP Directory
Service” on page 8-9 of tHeloudscape Developer’'s Guide.

Example

-- systemw de property
cl oudscape. aut henti cati on. | dap. searchBase=
ou=peopl e, o=cl oudscape. com

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. aut henti cati on. | dap. sear chBase’,
" ou=peopl e, o=cl oudscape. com )

-- publishing a database-w de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. aut henti cati on. | dap. searchBase=
" ou=peopl e, o=cl oudscape. coni

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.
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cloudscape.authentication.ldap.searchFilter

Function

Specifies the search filter to use to determine what constitutes a user (and other
search predicate) for Cloudscape searchesfor afull DN during user authentication.

If you set this property to cloudscape.user, Cloudscape looks for cached full DNs
for usersthat you have defined with the cloudscape.user.UserName property. For
other users, Cloudscape performs a search using the default search filter.

For more information about LDAP user authentication, see “LDAP Directory
Service” on page 8-9 of th@loudscape Developer's Guide.

Syntax

cl oudscape. aut henti cati on. | dap. searchFilter=
{ searchFilter | cloudscape. user)

Default
(&( obj ect C ass=i net Or gPer son) (ui d=user Nane))

NOTE: Cloudscape automatically & sthefilter you specify with ((uid=userNam¥
unless you include %USERNAME% in the definition. You may want to
use %USERNAMEY if your user DNs map the user name to something
other than uid (for example, usel.

Examples

-- systemwi de properties

cl oudscape. aut henti cati on. | dap. searchFi | t er =obj ect Cl ass=per son

## people in the marketing depart ment

## O oudscape automatical ly adds (ui d=<user Nane>)

cl oudscape. aut henti cati on. | dap. searchFi | t er =( & ou=Mar ket i ng)
(obj ect Cl ass=person))

## all people but those in marketing

## d oudscape autonmatically adds (ui d=<user Name>)

cl oudscape. aut henti cati on. | dap. searchFilter=(&(! (ou=Marketi ng)
(obj ect Cl ass=person))

## map %JSERNAME% to user, not uid

cl oudscape. aut henti cation. | dap. searchFi |l t er =( & (ou=Peopl e)

(user =%JSERNAVEY) )

Cloudscape Version 3.0
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## cache user DNs locally and use the default for others
cl oudscape. aut henti cati on. | dap. searchFi | t er =cl oudscape. user

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. aut henti cati on. | dap. searchFilter’,
' obj ect Cl ass=person’)

-- publishing a database-wi de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. aut henti cati on. | dap. searchFilter=
' obj ect Cl ass=per son’

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.
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cloudscape.authentication.provider

Function
Specifies the authentication provider for Cloudscape user authentication.

Legal valuesinclude:

 LDAP
An external LDAP directory service.
* NIS+

An external NIS+ directory service.
+ CLOUDSCAPE

Cloudscape’s simple internal user authentication repository.
e acomplete Java class name

A user-defined class that provides user authentication.

When using an external authentication service provider (LDAP or NIS+), you must
also set:

e cloudscape.authentication.server
When using LDAP, you can set other L DA P-specific properties. See also:

e “cloudscape.authentication.ldap.searchAuthDN” on page 5-5
e ‘“cloudscape.authentication.ldap.searchAuthPW’ on page 5-7
*  “cloudscape.authentication.ldap.searchFilter” on page 5-9
*  “cloudscape.authentication.ldap.searchBase” on page 5-8

Alternatively, you can write your own class to provide a different external
authentication service. This class must implement the public interface

COM .cloudscape.authentication.I nterface. AuthenticationScheme and throw

exceptions of the type

COM .cloudscape.authenti cation.| nterface.Authenti cationException where

appropriate. Using a user-defined class makes Cloudscape adaptable to various
naming and directory services. For example, the class could allow Cloudscape to
hook up to an existing user authentication service that uses any of the standard
directory and naming service providers to JNDI.

To enable any Cloudscape user authentication, you must set the
cloudscape.connection.requireAuthentication property to true.

For more information about user authentication, see “Working with User
Authentication” on page 8-5 of tli@oudscape Developer’'s Guide.
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Syntax

cl oudscape. aut henti cati on. provi der ={
LDAP |
NI S+ |
CLOUDSCAPE |
cl assProvi der Nane }

Example
-- systemwi de property

cl oudscape. aut henti cati on. provi der =LDAP

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. aut henti cati on. provi der’,
" CLOUDSCAPE' )

-- publishing a database-w de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. aut henti cati on. provi der=
"NI S+

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.
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cloudscape.authentication.server

Function

Specifies the location of the external directory service that provides user
authentication for the Cloudscape system as defined with
cloudscape.authentication.provider. For LDAP, specify the host name and port
number. For NIS+, specify the NIS server name and the NIS domain name.

The server must be known on the network.

For more information about external user authentication, see “External Directory
Service” on page 8-8 of th@loudscape Developer's Guide.

Default

Not applicable.

Syntax

cl oudscape. aut henti cati on. server =
[{ I'dap: | nisplus: }]
[//]

{
host nane: port nunber |
ni sSer ver Nanel ni sDomai n

Example

-- systemwi de property

##LDAP exanpl e

cl oudscape. aut henti cati on. server =godf rey: 9090

##LDAP exanpl e

cl oudscape. aut henti cati on. server =l dap: // godfrey: 9090
##LDAP exanpl e

cl oudscape. aut henti cati on. server =/ / godfrey: 9090

##N S+ exanpl e

cl oudscape. aut henti cati on. server =// godfrey/cl oudscape. com
##N S+ exanpl e

cl oudscape. aut henti cati on. server =ni spl us:// godfrey/

cl oudscape. com

##N S+ exanpl e

cl oudscape. aut henti cati on. server =godf r ey/ cl oudscape. com
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-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
" cl oudscape. aut henti cati on. server’,
"'godfrey: 9090’ )

-- publishing a database-w de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. aut henti cati on. server =
" godfrey: 9090’

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.
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cloudscape.connection.requireAuthentication

Function
Turns on user authentication for Cloudscape.

When user authentication is turned on, a connection request must provide avalid
user name and password.

Cloudscape uses the type of user authentication specified with the
cloudscape.authentication.provider property.

For more information about user authentication, see “Working with User
Authentication” on page 8-5 of tli&loudscape Developer's Guide

Default
False.

By default, no user authentication is required.

Example

-- systemw de property
cl oudscape. connecti on. requi r eAut henti cati on=true

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. connecti on. requi reAut henti cati on’,
"true')

-- publishing a database-w de property

ALTER PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. connecti on. requi r eAut henti cati on=
"true’

Scope

system-wide
database-wide (publishable)
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Dynamic or Static

Static. For system-wide properties, you must reboot Cloudscape for the change to
take effect. For database-wide properties, you must reboot the database for the
change to take effect.
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cloudscape.database.classpath

Function

Enables class loading from the database. For a complete discussion of database
class loading, see “Loading Classes from a Database” on page 3-17 of the
Cloudscape Developer’'s Guide

Takesalist of fully qualified jar namesthat indicateswhich jar filesthe Cloudscape
classloader should search for classes and other resources, and in which order. The
search order isfrom left to right, so this property behaves like the standard class
path.

The class loader looks first in the user’s class path, then in the jar files specified
with this property. To ensure class loading from the database, remove classes from
the user’s class path.

You can set this property for the following kinds of storage:
« Database storage. Classes are stored in the current database and are not
available across databasBscommended.
Set it as a database-level property.

The fully qualified name consists ofwo-part name: schema name and an
unqualified jar name.

» System storage. Classes are stored in the database you specify and are
available across databaskst recommended (but corresponds to Version
1.5 behavior and allows sharing across databases).

Set it as a system-level property.

The fully qualified name consists oftaee-part name: database name, a
schema name, and an unqualified jar name.

Does not work when a database has user authentication turned on, because
the system does not provide a user name and password when accessing the
classes stored in the database.

NOTE: Do not mix two-part and three-part names. Such property values are
invalid.

To specify multiple jar files, use a colon (:) as a separator.

Syntax

- database-level, set only in an SQL-J statenent
CALL Propertyl nfo. set Dat abaseProperty(
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' cl oudscape. dat abase. cl asspath’, ' schemaNane.
unqual i fiedJarFil e[ : schemaNane. unqual i fi edJarFile]*")

-- System| evel
cl oudscape. dat abase. cl asspat h=dat abaseNane. schemaNane.
unqual i fiedJar Fi |l e[ : dat abaseNane. schemaNane. unqual i fi edJar Fi | e]

*

Example

To set the search path for the current database to be from APP.photo and
APP." AccountinG":

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
¢l oudscape. dat abase. cl asspath’,
" APP. phot 0: APP. " Accounti nG'")

To set the search path for Java classes to be from database photodb, schema APP,
and jar file photo followed by database general, schema APP, and jar file jgl:

-- systemwi de property
cl oudscape. dat abase. cl asspat h=phot odb. APP. phot o: general . APP. j gl

-- publishing a database-wi de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. dat abase. cl asspat h=
" APP. phot o: APP. " Account i nG"’

Scope
system-wide (see notes above)

database-wide (see notes above) (publishable)

Dynamic or Static

For database storage, the first time this property is set, it is static; rebooting the
database is required. If this property is set as a database property (and the valueis
valid), thereafter, the next time the property is set as a database-level property, no
rebooting is required; the change is dynamic (see “Dynamic Changes to Jar Files
or Database Jar Class Path” on page 3-26 cflbedscape Developer's Guide
All other changes are static and require rebooting.

For information about dynamic changes to properties, see “Dynamic or Static
Changes to Properties” on page 1-10.
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cloudscape.database.defaultConnectionMode

Function
One of the user authorization properties.

Defines the default connection mode for users of the database or system for which
this property is set. The possible values (which are case-insensitive) are:
* noAccess
Disallows connections.
« readOnlyAccess
Grants read-only connections.
» fullAccess
Grants full access.

If the property is set to an invalid value, an exception is raised.

NOTE: Itispossibleto configure adatabase so that it cannot be changed (or even
accessed) using this property. If you set this property to noAccessr
readOnlyAccesde sureto allow at least one user full access. See
“cloudscape.database.full AccessUsers’ on page 5-22 and
“cloudscape.database.readOnlyAccessUsers’ on page 5-26.

For more information about user authorization, see “User Authorization” on page
8-23 of theCloudscape Developer’'s Guide

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. dat abase. def aul t Connecti onMde’
"{ noAccess | readOnl yAccess | full Access}’)

Example

-- dat abase-w de property
CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. dat abase. def aul t Connecti onMode’, ' noAccess’)

-- systemw de property
cl oudscape. dat abase. def aul t Connect i onMode=noAccess

-- publishing a database-w de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. dat abase. def aul t Connect i onMode=
"full Access’
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Default

full Access

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Dynamic. Current connections are not affected, but all future connections are
affected. For information about dynamic changesto properties, see “Dynamic or
Static Changes to Properties” on page 1-10.
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cloudscape.database.forceDatabaselLock

NEW: The cloudscape.database.forceDatabasel ock property is new in Version
3.0.

Function

Cloudscape attempts to prevent two JVMs from accessing a database at one time
(and potentially corrupting it) with the use of afile called db.Ick in the database
directory. On some operating systems, the use of alock file does not guarantee
single access, and so Cloudscape only issues awarning and may allow multiple
JVM access even when the file is present. (For more information, see “Double-
Booting System Behavior” on page 2-9 in leudscape Developer's Guidle

Cloudscape providesthe property cloudscape.database.forceDatabaselfockise
on platformsthat do not providethe ability for Cloudscapeto guaranteesingle VM
access. When this property is set to true, if Cloudscape findsthe db.Ickfile when it
attemptsto boot the database, it throws an exception and does not boot the database.

NOTE: Thissituation can occur even when no other VMs are accessing the
database; in that case, remove the db.Ickfile by hand in order to boot the
database. If thedb.Ickfileisremoved by hand whileaJV M isstill accessing
a Cloudscape database, thereis no way for Cloudscape to prevent asecond
VM from starting up and possibly corrupting the database. In thissituation
no warning message is logged to the error log.

Example

cl oudscape. dat abase. f or ceDat abaseLock=tr ue

Scope

system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.

Cloudscape Version 3.0
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cloudscape.database.fullAccessUsers

Function

One of the user authori zation properties. Specifiesalist of userstowhich full (read-
write) accessto adatabase is granted. Thelist consists of user names separated by
commas. Do not put spaces after commas.

When set as a system property, specifiesalist of users for which full accessto al
the databases in the system is granted.

See also ¢loudscape.database.readOnlyAccessUsers’ on page 5-26.

A malformed list of user names raises an exception. Do not specify a user both with
this property and ieloudscape.database.readOnlyAccessUsers.

NOTE: User names, called authorization identifiers, follow the rules of
NLR2Identifiers and can be delimited. Specifying a user name that does
not follow these rules raises an exception.

For more information about user authorization, see “User Authorization” on page
8-23 of theCloudscape Developer’'s Guide

Syntax

-- database-level property

CALL Propertyl nfo. set Dat abaseProperty(
' ¢l oudscape. dat abase. f ul | AccessUsers’,
" conmaSepar at edl i st Of Users’)

Example

-- dat abase-1| evel property
CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. dat abase. ful | AccessUsers’, ’'dba,fred, peter’)

--system| evel property
cl oudscape. dat abase. ful | AccessUser s=dba, fred, peter

-- publishing a database-wi de property

ALTER PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. dat abase. ful | AccessUser s=
"dba, fred, peter’
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Scope

database-wide (publishable)

system-wide

Dynamic or Static

Dynamic. Current connections are not affected, but all future connections are
affected. For information about dynamic changes to properties, see “Dynamic or
Static Changes to Properties” on page 1-10.
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cloudscape.database.noAutoBoot

Function

Specifies whether a database that is part of the current system is booted when
Cloudscape startsup. If the cloudscape.system.bootAll property isset totrue (which
itisnot by default), all databasesin the current system are booted when Cloudscape
starts up, unless the cloudscape.database.noAutoBoot property is set to true for a
database. Setting this property to true for a database means that it is booted only
upon the first connection.

NOTE: For information on what databases are considered part of the current
system when it starts up, sesdudscape.service’ on page 5-53.

If cloudscape.system.bootAll is set to false, this property has no effect.

Default

False.

Example

CALL Propertyl nfo. set Dat abaseProperty(
' ¢l oudscape. dat abase. noAut oBoot’, 'true’)

Scope

database-wide (not publishable)

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change

does not take effect until you reboot.
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cloudscape.database.propertiesOnly

Function

When set to true, this property ensures that database-wide properties cannot be
overridden by system-wide properties.

When this property is set to false, or not set, database-wide properties can be
overridden by system-wide properties (see “Precedence of Properties” on page
1-3).

This property ensures that a database’s environment cannot be modified by the
environment in which it is booted. Typically most databases that are distributed or
synchronization targets will require this property to be set to true.

This property camever be overridden by system properties.

Default

False.

Example

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. dat abase. propertiesOnly’, true’)

- publishing a database-w de property
ALTER PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. dat abase. properti esOnl y=
"true’

Scope

database-wide (publishable)

Dynamic or Static

This property is dynamic; if you change it while Cloudscape is running, the change
takes effectimmediately. For information about dynamic changes to properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.database.readOnlyAccessUsers

Function

Oneof the user authorization properties. Specifiesalist of userstowhich read-only
access to adatabase is granted. The list consists of user names separated by
commas. Do not put spaces after commas.

When set as a system property, specifies alist of users for which read-only access
to all the databases in the system is granted.

See also ¢loudscape.database.full AccessUsers’ on page 5-22.

A malformed list of user names raises an exception. Do not specify a user both in
this property and isloudscape.database.full AccessUsers.

NOTE: User names, called authorization identifiers, follow the rules of
NLR2Identifiers and can be delimited. Specifying a user name that does
not follow these rules raises an exception.

Syntax

-- dat abase-Ilevel property

CALL Propertyl nfo. set Dat abaseProperty(
' ¢l oudscape. dat abase. readOnl yAccessUsers’,
' commaSepar at edi st Of User s’ )

Example

-- dat abase-| evel property
CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. dat abase. readOnl yAccessUsers’, ’'ral ph, guest’)

-- systemlevel property
cl oudscape. dat abase. readOnl yAccessUser s=r al ph, guest

-- publishing a database-wi de property

ALTER PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. dat abase. readOnl yAccessUser s=
"ral ph, guest’

Scope
database-wide (publishable)

system-wide

Tuning Cloudscape



cloudscape.database.readOnlyAccessUsers 5-27

Dynamic or Static

Dynamic. Current connectionisnot affected, but all future connectionsare affected.
For information about dynamic changes to properties, see “Dynamic or Static
Changes to Properties” on page 1-10.
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cloudscape.infolog.append

Function

Specifies whether to append to or destroy and re-create the cloudscape.LOG file,
which isused to record error and other information when Cloudscape startsup in a
VM.

You can set this property even if the file does not yet exist; Cloudscape creates the
file.

Default
False.
By default, the file is deleted and then re-created.

Example

cl oudscape. i nf ol og. append=tr ue

Scope

system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.
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cloudscape.jdbc.metadataStoredPreparedStatements

Function

Cloudscape’s local JDBC driver has built-in queries for the JDBC
DatabaseMetaData methods that supply information about the Cloudscape system.
These methods are useful for applications working with generic DBMSs, such as
database tools.

The cloudscape.jdbc.metadataStoredPreparedStatements property configures the
JDBC driver to take advantage of stored prepared statements to avoid preparing
these queries each time a system starts up.

When configured to use stored prepared statements, the JDBC driver stores all
JDBC metadata stored prepared statements, which are place®¥stehema.
JDBC metadata queries are duplicated in every Cloudscape database even if a
single Cloudscape instance manages several databases.

The full set of statements adds about 60K to the size of a database.

You can delete the stored prepared statements in a database created for these queries
by executing the methatiopAllJDBCMetaDataSPSes in the class
COM.cloudscape.database.Databasein an SQL-J statement. To create an instance

of that class against which you can call the method, call

getDatabaseOfConnection() in the clas€COM.cloudscape.database.Factory

(aliased agactory). For example:

CALL Factory. get Dat abaseO Connecti on().
dr opAl | JDBCMet aDat aSPSes ()

The JDBC driver is responsible for the creation and retrieval of the JDBC metadata
statements.

Possible Values (case-insensitive)

o oOff
The JDBC driver does not create any stored prepared statements.

e dynamic (DEFAULT)
The JDBC driver creates stored prepared statements on an as-needed basis.
Each time aJDBC metadatarequest ismadeto thedriver, it checksthe SYS
schema for the appropriate stored prepared statement. If the statement
exists, it retrievesthe statement and executesit. If the statement has not yet
been created and stored, the driver createsthe statement, storesitintheSYS
schema, and then uses it.
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e onDatabaseCreation
The JDBC driver creates all the metadata statements when Cloudscape
creates a new database.

Default

Dynamic.

Example

cl oudscape. j dbc. met adat aSt or edPr epar edSt at ement s=
onDat abaseCreati on

Scope
system-wide

NOTE: Without row locking, concurrency may be bad using the dynamic
configuration.

Dynamic or Static

This property isdynamic; if you change it while Cloudscapeisrunning, the change
takes effect immediately. For information about dynamic changesto properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.language.bulkFetchDefault

Function

Sets the default number of rows that Cloudscape fetches at atime when reading a
conglomerate (table or index). When this property is set to 1, Cloudscape fetches
rows one at atime. Setting this property to agreater number allows Cloudscape to
fetch more than one row at a time and reduces system overhead.

The optimal setting is the number of rows per page. The default value of 16is
sufficient in most situations.

To override the default value for a specific query, use the optimizer override
property bulkFetch. See bulkFetch” on page 6-3.

Bulk fetch uses memory. Cloudscape constructs a temporary cache for storing
fetched rows of a size specified in the property. This cache uses memory based on
the sum of the columns referenced by the scan, not the size of the entire row in the
target conglomerate. Cloudscape fills the cache with the number of qualifying rows,
up to the number specified with the property. Cloudscape applies simple predicates
before fetching. When the scan completes, the row cache is freed.

Default
16.

Minimum Value

Example

cl oudscape. | anguage. bul kFet chDef aul t =32

- dat abase-wi de property
CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | anguage. bul kFet chDefaul t’, '32")

- publishing a database-w de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. | anguage. bul kFet chDef aul t =
300
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Scope
system-wide
database-wide (publishable)

Dynamic or Static

This property isdynamic; if you change it while Cloudscapeisrunning, the change
takes effect immediately. For information about dynamic changesto properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.language.defaultisolationLevel

Function
Sets the default isolation level for the system.

READ_COMMITTED corresponds to

java.sgl.Connection. TRANSACTION_READ COMMITTED and to ANSI level 1
and is the default isolation level for a Cloudscape system. SERIALIZABLE
correspondsto java.sgl.Connection. TRANSACTION_SERIALIZABLE (ANSI level
3).

The values are case-insensitive.

Syntax

cl oudscape. | anguage. defaul t| sol ati onLevel =

{
SERI ALI ZABLE |

READ_COW TTED

Default
READ _COMMITTED.

Example

-- systemw de property
cl oudscape. | anguage. defaul t | sol ati onLevel =SERI ALI ZABLE

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | anguage. def aul t | sol ati onLevel ',
' SERI ALI| ZABLE' )

-- publishing a database-w de property

ALTER PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. | anguage. defaul t1 sol ati onLevel =
' SERI ALI ZABLE'

Scope

system-wide
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database-wide (publishable)

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.
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cloudscape.language.logStatementText

Function

When this property is set to true, Cloudscape writes the text and parameter values
of all executed statements to the information log at the beginning of execution. It

also writesinformation about commitsand rollbacks. Informationincludesthetime
and thread number.

This property is useful for debugging.

Example

cl oudscape. | anguage. | ogSt at enent Text =t rue

-- dat abase-w de property
CALL Propertyl nfo. set Dat abaseProperty(

' cl oudscape. | anguage. | ogSt at ement Text ',

-- publishing a database-wi de property
CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. | anguage. | ogSt at enent Text =

"true’
Default
False.
Scope
system-wide

database-wide (publishable)

static

Dynamic or Static

"true’)
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cloudscape.language.preloadClasses

Function

Specifies whether Cloudscape should synchronously compile and execute a
system-configured query in order to preload compilation classes at database
bootup. Setting this property to true means that boot time is slower, but the
compilation time of the first query executed by the user is much faster.

A database typically boots when you first connect to it. Databases can al so boot at
startup; seecloudscape.system.bootAll” on page 5-72.

Example

cl oudscape. | anguage. pr el oadCl asses=true

-- dat abase-w de property
CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | anguage. prel oadCl asses’, ’'true’)

-- publishing a database-wi de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. | anguage. pr el oadCl asses=
"true’

Default

False.

Scope
system-wide

database-wide (publishable)

Dynamic or Static

This property is dynamic; if you change it while Cloudscape is running, the change
takes effectimmediately. For information about dynamic changes to properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.language.spsCacheSize

Function
Specifies the size of a database’s stored prepared statement cache.

Set the cache size to the number of stored prepared statements that you regularly
use, assuming that you have enough memory. If a database has fewer than 32 stored
prepared statements, it is not beneficial to increase the size of this cache.

Increasing the size of a database’s stored prepared statement cache is useful
primarily for multi-user environments. It is also useful for single-user environments
when a user wants to avoid the performance hit of preparing EXECUTE
STATEMENT statements.

NOTE: This cache is flushed when you do DDL, so leave the cache at its default
size when you are doing DDL.

For more information about the stored prepared statement cache, see “Additional
Benefits for Multiple Connections: The Stored Prepared Statement Cache” on page
3-15.

Default
32.

Example

-- systemw de property
cl oudscape. | anguage. spsCacheSi ze=100

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | anguage. spsCacheSi ze’
'100")

-- publishing a database-wi de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. | anguage. spsCacheSi ze=
' 100’

Scope

system-wide
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database-wide (publishable)

Dynamic or Static

This property is static; you must reboot for changes to take effect. For information
about dynamic changes to properties, see “Dynamic or Static Changes to
Properties” on page 1-10.
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cloudscape.language.stalePlanChecklinterval

Function

Determines how many times Cloudscape should execute a statement before
checking whether itsplan isstale. When astatement isstale, Cloudscapeinvalidates
the statement, which causes automatic recompilation the next time the statement is
executed. Automatic invalidation is useful in situations when the amount of datain
atable changes considerably during a single session of Cloudscape.

To read about when a statement is considered stale, see “When a Change in Table
Makes a Plan Stale” on page 3-7.

For example, for a SELECT statement against an empty table, Cloudscape chooses
to do atable scan instead of using an applicable index. However, as the table grows,
at some point it becomes more efficient for Cloudscape to use an index to access
the data. If the statement remains open, or if itis retrieved out of the statement cache
oritis a stored prepared statement, however, Cloudscape continues to use the same
guery plan unless the statement is recompiled.

Setting the value of this property to 5 means that Cloudscape checks whether to
invalidate a statement’s plan after each 5 executions of the statement; setting the
value of this property t6 means that Cloudscape checks whether invalidates a
statement’s plan after every six executions of the statement, and so on.

To turn off automatic invalidation of statement plans, set this property to the
maximum integer value (2147483647).

For more explanation, see “Understand When Statements Go Stale” on page 3-4.

NEW: Thecloudscape.language.stalePlanCheckinterval property is new in

Version 3.0.
Default
100.
Minimum Value
5

Maximum Value

java.lang.Integer. MAX_VALUE
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Example

-- system -wi de property
cl oudscape. | anguage. st al ePl anCheckl nt er val =40

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. | anguage. st al ePl anCheckl nterval ',
'40")

-- publishing a database-wi de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. | anguage. st al ePl anCheckl nterval =
' 40"

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.language.statementCacheSize

Function

Specifies the number of statements to cache per connection, which is useful if a
connection recompiles exactly the same statement more than once. During caching,
a connection attempts to reuse compiled statements rather than compile every
statement anew. |f Cloudscape finds an exact match for the statement, it does not
have to recompil e the statement.

Cached statements are aged out when the cache size is exceeded. Setting this
property to zero disables caching.

Statement caching performs exact matches against incoming statements in the
current connection. Statements that are not compilable are still cached.

NOTE: Insituationsin which you compile a prepared statement once and execute
it many times, thisproperty doesnot help performance. Thisproperty helps
performanceonly in situationsin which an application compilesexactly the
same statement more than once (either executing the same Statement more
than once, or preparing the same PreparedStatement more than once).

Default
20 statements.

Minimum Value

Example

-- systemwi de property
cl oudscape. | anguage. st at enent CacheSi ze=100

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | anguage. st at enent CacheSi ze’
'100")

-- publishing a database-w de property

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. | anguage. st at enent CacheSi ze=
' 100
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Scope
system-wide
database-wide (publishable)

Dynamic or Static

This property is static; you must reboot for changes to take effect. For information
about dynamic changes to properties, see “Dynamic or Static Changes to
Properties” on page 1-10.
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cloudscape.language.triggerMaximumRecursionLevel

Function
Specifies the maximum recursion level for trigger firing.

It is possible for one trigger to cause another trigger to fire, and thusiit is possible
for triggersto recurseinfinitely. If thetrigger recursion level exceeds the maximum
recursion level, an exception israised and the statement that caused the trigger to
fireisrolled back.

A value of -1 means that there are no limits to recursion.
A value of 0 meansthat no triggers will ever fire.

NOTE: When the maximum recursion level isreached when atrigger isfired,
Cloudscape throws an SQLEXxception of SQLSate X0Y 73.

NEW: The cloudscape.language.trigger MaximumRecursionLevel property is
new in Version 3.0.

Syntax

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. | anguage. t ri gger Maxi munRecur si onLevel ',
i nt eger Val ue')

Default
16.

Minimum Value

-1 (no limit; see notes above).

Example

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
' ¢l oudscape. | anguage. tri gger Maxi munRecur si onLevel ’ ,
'10')

-- publishing a database-w de property
CREATE PUBLI CATI ON APub
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ADD TARGET DATABASE PROPERTY
cl oudscape. | anguage. tri gger Maxi munRecur si onLevel =
10’

Scope
database-wide (publishable)
system-wide

Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.locks.deadlockTimeout

Function

Determines the number of seconds after which Cloudscape checks whether a
transaction waiting to obtain alock isinvolved in adeadlock. If a deadlock has
occurred, and Cloudscape choosesthetransaction asadeadlock victim, Cloudscape
aborts the transaction. The transaction receives an SQLEXxception of SQLSate
40001. If the transaction is not chosen as the victim, it continues to wait for alock
if cloudscape.locks.waitTimeout is set to a higher value than the val ue of
cloudscape.locks.deadl ockTimeout.

If this property is set to a higher value than cloudscape.locks.waitTimeout, no
deadlock checking occurs. See “cloudscape.locks.waitTimeout” on page 5-51.

NEW: The behavior of theloudscape.locks.deadlockTimeout property is new in
Version 3.0. In prior versions, this property specified the amount of time a
transaction waited for a lock before Cloudscape assumed that a deadlock
occurred. In Version 3.0, Cloudscape provides real deadlock checking.

For more information about deadlock checking, see “Deadlocks” on page 6-22

Default

60 seconds.

Example

cl oudscape. | ocks. deadl ockTi meout =30

- dat abase-wi de property
CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. | ocks. deadl ockTi meout’, ’30")

- publishing a database-w de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. | ocks. deadl ockTi meout =
' 30"

Scope
database-wide (publishable)

system-wide
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Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.locks.deadlockTrace

Function

Causes astack trace of all threads involved in deadlocks (not just the victims) to be
written to the error log (typically the cloudscape.LOG file). This property is
meaningful only if the cloudscape.locks.monitor property is set to true.

NOTE: Thislevel of debugging isintrusive: it may alter the timing of the
application, reduce performance severely, and produce a large error log
file. It should be used with care.

NEW: The cloudscape.locks.deadlockTrace property is new in Version 3.0.

Default
False.

Example

- system property
cl oudscape. | ocks. deadl ockTrace=t rue

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. | ocks. deadl ockTrace’, ’'true’)

- publishing a database-w de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. | ocks. deadl ockTrace=
"true’

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.

Cloudscape Version 3.0

5-47



5-48 Cloudscape Properties

cloudscape.locks.escalationThreshold

Function

Setsthethreshold at which the optimizer (during compilation) escal atesthe locking
on atable from row level to table level for a statement. If the optimizer estimates
that executing the statement will lock more rows in a table than the number
specified in this property, the optimizer locks the entire table instead and releases
the row-level locks.

Also used by the Cloudscape system at runtime in determining when to attempt to
escalate locking for at least one of the tables involved in a transaction from row-
level locking to table-level locking. Thisruntime decision isindependent of any
compilation decision.

A large number of row locks use alot of resources. If nearly all therowsarelocked,
it may be worth the slight decrease in concurrency to lock the entire table to avoid
the large number of row locks.

For more information, see “Locking and Performance” on page 4-28.

It is useful to increase this value for large systems (such as enterprise-level servers,
where there is more than 64 MB of memory), and to decrease it for very small
systems (such as palmtops).

Syntax

cl oudscape. | ocks. escal ati onThr eshol d=nunber Of Locks

Default
5000.

Minimum
100.

Maximum

2,147,483,647.
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Example

-- systemw de property
cl oudscape. | ocks. escal ati onThr eshol d=1000

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. | ocks. escal ati onThreshol d’
''1000")

-- publishing a database-wi de property

ALTER PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY

cl oudscape. | ocks. escal ati onThr eshol d=
1000’

Scope
system-wide
database-wide (publishable)

Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.

Cloudscape Version 3.0



5-50

Cloudscape Properties

cloudscape.locks.monitor

Function

Specifiesthat al deadlock errors are logged to the error log. If
cloudscape.stream.error.logSeverityLevel is set to ignore deadlock errors,
cloudscape.locks.monitor overridesit.

NEW: The cloudscape.locks.monitor property isnew in Version 3.0.

Default
False.
Example
-- system property
cl oudscape. | ocks. nonitor=true
CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | ocks. nonitor’, 'true’)
-- publishing a database-wi de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. | ocks. noni tor=
"true’
Scope
system-wide

database-wide (publishable)

Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.locks.waitTimeout

Function

Specifiesthe number of seconds after which Cloudscape aborts atransaction when
it iswaiting for alock. When Cloudscape aborts (and rolls back) the transaction,
the transaction receives an SQLException of SQLState 40X L 1.

The time specified by this property is approximate.

A zero value for this property meansthat Cloudscape aborts atransaction any time
it cannot immediately obtain alock that it requests.

A negative value for this property is equivalent to an infinite wait time; the
transaction waits forever to obtain the lock.

If this property is set to avalue greater than or equal to zero but less than the value
of cloudscape.locks.deadlockTimeout, then Cloudscape never performs any
deadlock checking.

NEW: The cloudscape.locks.waitTimeout property isnew in Version 3.0.

Default

180 seconds.

Example

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. | ocks. wai t Ti reout’, '15")

cl oudscape. | ocks. wai t Ti neout =60

- publishing a database-w de property
ALTER PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. | ocks. wai t Ti meout =
15

Scope
database-wide (publishable)

system-wide
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Dynamic or Static

Dynamic; the change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.service

Function

The cloudscape.service property specifiesthat adatabase stored in adirectory other
than the system directory, or stored in asubdirectory of the system directory, ispart
of the current Cloudscape system when it starts. (Databases that are directly in the
system directory are always part of the current Cloudscape system when it starts.)

(A database that is part of the current system directory, including those specified
by this property, does not automatically boot at startup unless you use the
cloudscape.system.bootAll property.)

For this property, specify the relative or absolute path to the database’s directory,
known as aerviceDirectory. Use the same conventions as for connecting to a
database outside the system; see “Conventions for Specifying the Database Path”
on page 2-18 in th€loudscape Developer’'s Guideor example, for a database

called newDBiIn the directory trial_directory on the C drive, its serviceDirectory,
specified as an absolute path, would be c:/trial_directory/newDB You can aso

specify arelative path.

If you do not set this property, such adatabaseis considered part of the system only
when a connection isfirst made to it.

The database must exist when Cloudscape starts.

NOTE: When you set this property in the cloudscape.propertiefle, avoid using
absolute paths, because Java interprets colons as being equivalent to an
equal sign (the separator between the property name and its value) when
properties are set in propertiesfiles. This meansthat colons areinterpreted
incorrectly. The problem does not occur when you are setting properties on
the command line or in aJDK 1.2 environment.

Syntax

cl oudscape. servi ce. dat abaseDi rect or y=servi ceDi rectory

Examples
cl oudscape. servi ce. | ondon/ sal es=serviceDirectory

cl oudscape. servi ce. denp/ dat abases/ t our sDB=servi ceDi rectory
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Scope

system-wide

Dynamic or Static

Thisproperty isdynamic; if you changeit while Cloudscapeis running, the change
takes effect immediately. For information about dynamic changesto properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.storage.initialPages

Function

Theon-disk size of aCloudscapetable growsby one page at atimeuntil eight pages
of user data (or nine pages of total disk use, oneis used for overhead) have been
alocated. Then it will grow by eight pages at atime if possible.

A Cloudscape table or index can be created with a number of pages already pre-
alocated. To do so, specify the property in the CREATE TABLE or CREATE
INDEX PROPERTIES ist.

Define the number of user pages the table or index isto be created with. The
purpose of this property isto preallocate atable or index of reasonable size if the
user expects that alarge amount of datawill be inserted into the table or index. A
table or index that has the preallocated pages will enjoy a small performance
improvement over atable or index that has no preallocated pages when the dataare
loaded.

The total desired size of the table or index should be

(1+cl oudscape. storage.initial Pages) *
cl oudscape. st or age. pageSi ze bytes.

When you create atable or an index using this property, Cloudscape attemptsto
alocate the requested number of user pages. However, the operations do not fail
even if they are unable to allocate the requested number of pages, aslong as they
alocate at least one page.

Default

1 page.

Minimum Value

The minimum number of initialPagesis 1.

Maximum Value

The maximum number of initial Pagesis 1000.

Example

cl oudscape. storage.initial Pages=30
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CREATE TABLE newTabl e (i INT, j VARCHAR(50))
PROPERTI ES cl oudscape. storage.initial Pages = 30

Scope

conglomerate-specific
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cloudscape.storage.minimumRecordSize

Indicates the minimum user row sizein bytesfor on-disk database pages for tables
when you are creating atable. This property ensures that there is enough room for
arow to grow on apage when updated without having to overflow. Thisisgenerally
most useful for VARCHAR and BIT VARYING data types and for tables that are
updated alot, in which the rows start small and grow due to updates. Reserving the
space at the time of insertion minimizes row overflow due to updates, but it can
result in wasted space.

See also ¢loudscape.storage.pageReser vedSpace”’ on page 5-60.

Valid Conglomerates

Tables only.

Default
12 bytes.

Minimum

12 bytes.

Maximum

cloudscape.storage.pageSize * (1 - cloudscape.storage.pageReservedSpace/100) —
100.

If you set this property to a value outside the legal range, Cloudscape uses the
default value.

Examples

-- changing the default for the system
cl oudscape. st orage. m ni nunRecor dSi ze=128

-- changing the default for the database

CALL Propertyl nfo. set Dat abaseProperty(
' ¢l oudscape. st or age. m ni nunRecor dSi ze’
'128")

-- changing the default for target databases
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
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cl oudscape. st orage. m ni nunRecor dSi ze=
1128’

-- overriding the defaults for a single table
CREATE TABLE A(textcol LONG VARCHAR)
PROPERTI ES cl oudscape. st or age. m ni mrunRecor dSi ze=128

Scope
system-wide
database-wide (publishable)

conglomerate-specific

Dynamic or Static

This property isdynamic; if you change it while Cloudscapeisrunning, the change
takes effect immediately. For information about dynamic changesto properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.storage.pageCacheSize

Function

Defines the size, in number of pages, of the database’s data page cache (data pages
kept in memory).

The actual amount of memory the page cache will use depends on the following:

» the size of the cache (configured with this property,
cloudscape.storage.pageCacheS ze)

« the size of the pages (configured with theudscape.storage.pageS ze
property)
e overhead (varies with JVMs)

When increasing the size of the page cache, you typically have to allow more
memory for the Java heap when starting the embedding application (taking into
consideration, of course, the memory needs of the embedding application as well).
For example, using the default page size of 4K, a page cache size of 2000 pages
will require at least 8 MB of memory (and probably more, given the overhead).

For a simple application (no GUI), using the Javasoft 1.1.7 JVM on Windows NT
and using the -mx96m option (which allows 96 MB for the Java heap), it is possible
to have a page cache size of 10,000 pages (approximately 40 MB).

Default

40 pages.

Example

cl oudscape. st or age. pageCacheSi ze=160

Scope

system-wide

Dynamic or Static

Static. You must reboot the system for the change to take effect.
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cloudscape.storage.pageReservedSpace

Function

Defines the percentage of space reserved for updates on an on-disk database page
for tables only (not indexes); indicates the percentage of spaceto keep free on a
page when inserting. L eaving reserved space on apage can minimize row overflow
(and the associated performance hit) during updates. Once a page has been filled
up to the reserved-space threshold, no new rows are allowed on the page. This
reserved spaceisused only for rowsthat increase in size when updated, not for new
inserts.

Regardless of the value of cloudscape.storage.pageReservedSpace, an empty page
aways accepts at |east one row.

Valid Conglomerates

Tables only.

Default
20%.

Minimum Value

Theminimum valueis0% and the maximum is 100%. If you specify avalue outside
this range, Cloudscape uses the default value of 20%.

Example

-- nodifying the default for the system
cl oudscape. st or age. pageReser vedSpace=40

-- modi fying the default for the database
CALL Propertyl nfo. set Dat abaseProperty(
' ¢l oudscape. st or age. pageReser vedSpace’
' 40"

-- overriding the defaults for a single table
CREATE TABLE B(textcol LONG VARCHAR)
PROPERTI ES cl oudscape. st or age. pageReservedSpace=40
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Scope

system-wide

database-wide

conglomerate-specific

Dynamic or Static

This property isdynamic; if you change it while Cloudscapeisrunning, the change
takes effect immediately. For information about dynamic changesto properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.storage.pageSize

Function

Definesthe pagesize, in bytes, for on-disk database pagesfor tablesor indexes used
during table or index creation. Page size should be a power of 2.

Valid Conglomerates

Tables and indexes, including the indexes created to enforce constraints.

Default
4096 bytes.

Minimum Value

The minimum size is 1024 bytes. If you specify avalue lower than the minimum,
Cloudscape uses the default value 4096.

Maximum Value

None.

Example

-- changing the default for the system
cl oudscape. st or age. pageSi ze=8192

-- changing the default for the database
CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. st or age. pageSi ze’ ,

'8192")

-- changing the default for target databases

CREATE PUBLI CATI ON APub

ADD TARGET DATABASE PROPERTY cl oudscape. st or age. pageSi ze=
' 8192’

-- overriding the defaults for a single table
CREATE TABLE A(textcol LONG VARCHAR)
PROPERTI ES cl oudscape. st or age. pageSi ze=8192
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Scope
system-wide
database-wide (publishable)

conglomerate-specific

Dynamic or Static

This property isdynamic; if you change it while Cloudscapeisrunning, the change
takes effect immediately. For information about dynamic changesto properties, see
“Dynamic or Static Changes to Properties” on page 1-10.
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cloudscape.storage.rowlLocking

Function

Usethisproperty to disablerow-level locking. Row-level locking usesmore system
resources, such as disk space and memory, so if an application does not need row-
level locking, you can use this system property to force all locking to table level.
For example, read-only and single-user applications probably do not need row-level
locking.

This property can be set to one of the boolean values true and false. Setting the
property to true enables row-level locking (the default behavior). Setting the
property to false disables row-level locking.

Default

True.

Example
cl oudscape. st or age. rowLocki ng=f al se
- dat abase-1evel property
CALL Propertyl nfo. set Dat abaseProperty(

"¢l oudscape. st or age. r owiLocki ng’,
"false’)

- publishing a database-w de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. st or age. r owLocki ng=
'fal se’

Scope
system-wide
database-wide (publishable)

NEW: The ability to set the cloudscape.storage.rowlLocking property as a
database-wide property is new in Version 3.0.
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Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.

Cloudscape Version 3.0



5-66

Cloudscape Properties

cloudscape.storage.tempDirectory

Function

Defines the location on disk for temporary file space needed by Cloudscape for
performing large sorts and deferred deletes and updates. (Temporary files are
automatically deleted after use, and are removed when the database restarts after a
crash.) The temporary directory named by this property will be created if it does
not exist, but will not be deleted when the system shuts down. The path name
specified by this property must have file separators that are appropriate to the
current operating system.

This property allows databases |ocated on read-only mediato write temporary files
to awritable location. If this property is not set, databases located on read-only
mediamay get an error like the following:

ERROR XSDF1: Exception during creation of file

c: \ dat abases\ db\t np\ T887256591756.tnp for contai ner

ERROR XJ001: Java exception:

"a:\ dat abases\ db\ t np\ T887256591756. t np: java.io.| OException’.

This property moves the temporary directories for all databases being used by the
Cloudscape system. Cloudscape makes temporary directories for each database
under the directory referenced by this property. For example, if the property is set
asfollows:

cl oudscape. st orage. tenpDi rect ory=C: / Tenp/ dbt enp
the temporary directories for the databases in C:\databases\dbl and

C:\databases\db2 will be in C:\Temp\dbtemp\db1 and C:\Temp\dbtemp\db2,
respectively.

The temporary files of two databases running concurrently with the same name
(e.g., C:\databases\db1 and E:\databases\db1) will conflict with each other if the
cloudscape.storage.tempDirectory property isset. Thiswill causeincorrect results,
so users are advised to give databases unique names.

Default
A subdirectory named tmp under the database directory.

For example, if the database dbl is stored in C:\databases\dbl, the temporary files
are created in C:\databases\db1\tmp.
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Example

-- systemw de property
cl oudscape. storage. tenpDi rectory=c:/ Tenp/ dbt enp

-- dat abase-w de property

CALL Propertyl nfo. set Dat abaseProperty(
"¢l oudscape. storage. tenpDirectory’,
"c:/ Tenp/ dbtenp’)

Scope
system-wide

database-wide (not publishable)

Dynamic or Static

This property is static; you must restart Cloudscape for a change to take effect.
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cloudscape.stream.error.field

Function

Specifiesastatic field that references a stream to which the error log iswritten. The
field is specified using the fully qualified name of the class, then adot (.) and then
the fidld name. The field must be public and static. Itstype can be either
java.io.OutputStream or java.io.Writer.

Thefield is accessed once at Cloudscape boot time, and the value is used until
Cloudscape isrebooted. If the field returns, the error stream defaults to the system
error stream (java.lang.System.err).

If the field does not exist or isinaccessible, the error stream defaults to the system
error stream. Cloudscape will not call the close() method of the object obtained

from the field.
Default
None.
Example

cl oudscape. streamerror.fiel d=java.l ang. Systemerr

Scope

system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.

Tuning Cloudscape



cloudscape.stream.error file

cloudscape.stream.error.file

Function

Specifies name of the file to which the error log is written. If the file nameis
relative, it istaken as relative to the system directory.

If this property is set, the properties cloudscape.stream.error.method and
cloudscape.stream.error.field are ignored.

Default

cloudscape.LOG.

Example

cl oudscape.streamerror.file=error.txt

Scope

system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.

Cloudscape Version 3.0

5-69



5-70 Cloudscape Properties

cloudscape.stream.error.logSeverityLevel

Function

Specifies which errors are logged to the Cloudscape error log (typicaly the
cloudscape.LOG file).

Any error raised in a Cloudscape system is given alevel of severity. This property
indicates the minimum severity necessary for an error to appear in the error log.
The severities are defined in the class

COM.cloudscape.types.JBM SExceptionSeverity. The higher the number, the more
severe the error.

» 20000
Errorsthat cause the statement to berolled back, for example syntax errors
and constraint violations.

e 30000

Errorsthat cause the transaction to be rolled back, for example deadlocks.
* 40000

Errorsthat cause the connection to be closed.
« 50000

Errorsthat shut down the Cloudscape system.

Default
40000.

Example

/1 send errors of level 30000 and higher to the |og
cl oudscape. stream error.| ogSeveritylLevel =30000

Scope

system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.
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cloudscape.stream.error.method

Function

Specifies a static method that returns a stream to which the Cloudscape error logis
written.

Specify the method using the fully qualified name of the class, then adot (.) and
then the method name. The method must be public and static. Itsreturn type can be
either java.io.OutputStream or java.io.Writer. Cloudscape will not call the close()
method of the object returned by the method.

Themethod is called once at Cloudscape boot time, and the return valueis used for
the lifetime of Cloudscape. If the method returns null, the error stream defaults to
the system error stream. If the method does not exist or is inaccessible, the error
stream defaults to the system error stream (java.lang.System.err).

If the value of this property is set, the property cloudscape.stream.error.field is
ignored.

Default
Not set.

Example

cl oudscape. stream error. met hod=j ava. sql . Dri ver Manager .
get LogSt ream

Scope

system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.
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cloudscape.system.bootAll

Function

Specifieswhether the databasesthat are part of the current system are automatically
booted when the Cloudscape system starts. When this property is set to false, a
database is booted only when a connection is first made.

Databases that are not part of the current system are booted only upon the first
connection.

NOTE: For information on what databases are considered part of the current
system when it starts up, sesdudscape.service’ on page 5-53.

Cloudscape recommends that you set this propettyeavhen you use
Cloudscape as a database server to multiple clientia@advhen you use
Cloudscape embedded in a single-user application.

The Cloudscapsystem boots when the local JDBC driver is loaded. Booting
databases is a separate step in which Cloudscape checks whether recovery needs to
be run on the databases. For information about recovery, s€othiscape

Developer's Guide

Encrypted databases cannot be booted with thisproperty. Encrypted databases must
be booted individually by connecting to them with avalid key.

Default
False.
Example
cl oudscape. system boot Al | =t rue
Scope
system-wide

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.
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cloudscape.system.home

Function

Specifies the Cloudscape system directory, which is the directory that contains
subdirectories holding databases that you create and the text file
cloudscape.properties.

If the system directory that you specify with cloudscape.system.home does not exist
a startup, Cloudscape creates the directory automatically.

Default
Current directory (the value of the VM system property user.dir).

If you do not explicitly set the cloudscape.system.home property when starting
Cloudscape, the default is the directory in which Cloudscape was started.

NOTE: Cloudscape recommends that you always explicitly set the value of
cloudscape.system.home.

Example

- Dcl oudscape. syst em hone=C: \ cl oudscape

Scope

system-wide, Set programmatically only

Dynamic or Static

This property is static; if you change it while Cloudscape is running, the change
does not take effect until you reboot.
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cloudscape.user.UserName

Function
Has two uses:

» Creates users and passwords wtiendscape.authentication.provider is
set toCLOUDSCAPE.

» Caches user DNs locally whelmudscape.authentication.provider is set to
LDAP andcloudscape.authentication.ldap.searchFilter is set to
cloudscape.user.

Users and Passwords

This property creates valid clear-text users and passwords within Cloudscape when
the cloudscape.authentication.provider property is set t&€LOUDSCAPE. For
information about users, see “Working with User Authentication” on page 8-5 of
the Cloudscape Developer’s Guide

- Database-Level Properties
When you create users with database-level properties, those users are
availabl e to the specified database only.

You set the property once for each user. To delete a user, set that user’s
password to null.

e System-Level Properties
When you create users with system-level users, those usersare availableto
al databases in the system.

You set the value of this system-wide property once for each user, so you
may set it several times. To delete a user, remove that user from thefile.

You can define this property in the usual ways—typically in the
cloudscape.properties file.

When a user name and its corresponding password are provided in the
DriverManager.getConnection call, Cloudscape validates them against the
properties defined for the current system.

User names ar8QL92Identifiers and can be delimited.

Caching User DNs

This property caches user DNs (distinguished names) locally when
cloudscape.authentication.provider is set toLDAP and
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cloudscape.authentication.|dap.searchFilter is set to cloudscape.user. When you
provide a user DN with this property, Cloudscapeis ableto avoid an LDAP search
for that user’'s DN before authenticating. For those users without DNs defined with
this property, Cloudscape performs a search using the default value of
cloudscape.authentication.ldap.searchFilter.

Syntax
cl oudscape. user. { User Nane=Passwor d} | User Name=user DN }

-- dat abase-Ilevel property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. user. User Nane’ ,
" Password | userDN)

Default

None.

Examples

-- systemlevel property
cl oudscape. user . guest =j avabw

cl oudscape. user. sa=cl oud3x9

cl oudscape. user."! Anber " =j avab5w

-- dat abase-| evel property

CALL Propertyl nfo. set Dat abaseProperty(
' cl oudscape. user.sa’,
"¢l oud3x9’)

-- cache a userDN locally
cl oudscape. user. ri chard=ui d=ri chard, ou=Peopl e,
o=cl oudscape. com

-- cache a userDN |l ocal |y, database-level property
CALL Propertyl nfo. set Dat abaseProperty(

"¢l oudscape. user.richard’,

"uid=richard, ou=Peopl e, o=cloudscape.com)

-- publishing a database-wi de property
CREATE PUBLI CATI ON APub
ADD TARGET DATABASE PROPERTY
cl oudscape. user. guest =
' guest PW
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Scope
system-wide
database-wide (publishable)

Dynamic or Static

Dynamic. The change takes effect immediately. For information about dynamic
changesto properties, see“Dynamic or Static Changes to Properties” on page 1-10.
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6 Optimizer Overrides

Cloudscape’s query optimizer usually makes the best choice of join order and
access path. In addition, the default values for join strategy and row fetch are
usually best. However, there are some cases in which you may want to override the
optimizer or the default values. Optimizer overrides allow users to hand-tune the
optimizer for queries and updates and deletes with WHERE clauses.

Optimizer overrides are specified within a PROPERTIES clause within the SQL-J
statement.

A PROPERTIES clause has the following syntax:
PROPERTI ES propertyNanme = val ue [, propertyNanme = val ue]*
A propertyName is case-sensitive.

An exception will be thrown if there are semantic errors in the PROPERTIES clause
such as:

e invalid properties

e nonexistent property values, such as nonexistent access paths

e invalid property values, such as invalid access paths

Optimizer-override properties belong to one of the following scopes:

e an entire FROM clause
e a particular table in the FROM clause

FROM clause optimizer-override PROPERTIES clauses, which belong to an entire
FROM clause, come immediately after the word FROM, like this:

FROM [ PROPERTIES joinOrder = { FIXED | UNFI XED } ]
Tabl eExpressi on [, Tabl eExpression] *

Table optimizer-override PROPERTIES clauses, which belong to a particular table
in the FROM clause, come at the end of ThigleExpression, like this:
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{ Tabl eNane | ViewNane }
[ [ AS] Correl ati onName
[ (SinpleCol umName [ , SinpleColumNane]* ) ] 1 1
[ PROPERTI ES cl ause ]

For more information about a TableExpression, see “TableExpression” on page
1-116 in theCloudscape Reference Manual.

With the exception gbinStrategy (which is allowed on all table expressions), such
properties can be specified only on base tables; they are not allowed on views or
derived tables. They are allowed on any base table within a FROM clause or any
table within a FROM clause in a subquery. They can be used on the base tables
specified in a CREATE VIEW statement, within a derived table (subquery in the
FROM list), and within a JOIN clause.

Errors for table optimizer override PROPERTIES clauses in a CREATE VIEW
statement are not returned until the view is first used in a DML statement.

Optimizer-override properties include:
e “bulkFetch” on page 6-3
e ‘“congtraint” on page 6-5
e ‘“index’ on page 6-8
* “joinOrder” on page 6-9
e ‘“joinSrategy” on page 6-10
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bulkFetch

Function

The bulkFetch optimizer property overrides the default number of rows that
Cloudscape fetches at atime when reading a conglomerate (table or index). When
thisproperty isset to 1, Cloudscapefetchesrows one at atime. Setting this property
to agreater number allows Cloudscape to fetch more than one row at atime and
reduces system overhead.

Setting the bulkFetch property uses memory. Cloudscape constructs atemporary
cache for storing fetched rows of a size specified in the property. This cache uses
memory based on the sum of the columns referenced by the scan, not the size of
the entire row in the target conglomerate. Cloudscape fills the cache with the
number of qualifying rows, up to the number specified with the property.
Cloudscape applies simple predicates (such as WHERE Region = 'Europe’) before
fetching. When the scan completes, the row cacheis freed.

Setting the bulkFetch property to alarge value (up to the number of rowsin atypical
page) enhances performance at the expense of the amount of memory needed for
therow cache. Thereisno performance gain in setting the bulkFetch sizelarger than
the number of qualifying rows from the target table. For example, if the query will
return only 5 rows, there is no performance benefit in setting this property to 30.

The default bulk fetch size is determined by the
cloudscape.language.bulkFetchDefault system property; the default value for that
property is16. That valueisoptimal for most situations. For moreinformation, see
“cloudscape.language.bulkFetchDefault” on page 5-31.

Syntax

bul kFet ch=sj ze

Default Value
16.

Minimum Value
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Maximum Value

java.lang.Integer.MAX_INTEGER.

Example

SELECT *
FROM Fl i ght Avai l ability
PROPERTI ES bul kFet ch=256

Restrictions
Bulk fetch is not used in the following cases:

» with ajoinStrategy=hash clause, since the hash join strategy always causes
the entire table to be fetched at once

« with updatable cursors, since a positioned update or delete requires the
current scan position to locate a single target row

e with nonmaterialized subqueries
» if the table in question is the inner table of an equijoin on a unique key

When Useful
Bulk fetch is best suited for situations in which many rows are returned.
For example, it is useful for table scans or index range scans:

SELECT *

FROM Fl i ght s

VWHERE orig_airport > 'AAB
AND orig_airport < 'XYZ

SELECT *
FROM Fl i ght s

SELECT *
FROM Fl i ghts
VWHERE segnent _nunber = 1

Scope

Table optimizer-override property.
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Function

The Cloudscape optimizer chooses an index, including the indexes that enforce
constraints, as the access path for query execution if it isuseful. If thereis more
than one useful index, in most cases Cloudscape chooses the index that is most
useful.

You can override the optimizer’s selection and force use of a particular index or
force a table scan. To force use of the index that enforces a primary key or unique
constraint, use this property, specifying the unqualified name of the constraint.

System-generated constraint and index names use lowercase letters, so you must
treat them as delimited identifiers and enclose them in double quotation marks.

NOTE: An exception is thrown if the access path is nonexistent or invalid. For
example, the optimizer cannot use an index if the statement is an updatable
cursor whose updatable columns are in the index’s key, or if the statement
is an UPDATE statement and the updated columns are in the index’s key.

Syntax

constrai nt =const r ai nt Nane

Example

-- specifying the index or constraint affects the access
-- path during query execution

CREATE TABLE nytable (a int, b int, c int,

CONSTRAI NT nykey prinmary key (a, b));

0 rows inserted/ updated/ del et ed

ij> INSERT I NTO nytable values (1, 2, 3), (1, 3, 3), (2, 2, 3);
3 rows inserted/ updated/ del et ed

i j > CREATE BTREE | NDEX nyi ndex ON nytabl e(a);

0 rows inserted/ updated/del et ed

ij> -- there are now two useful indexes on the

-- values in colum a

SET RUNTI MESTATI STI CS ON;

0 rows inserted/ updated/del et ed

ij>-- let the optim zer choose an access path

-- it will use one of the two useful indexes

SELECT * FROM nytable WHERE a = 1;
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A | B |C
1 | 2 | 3
1 |3 |3

2 rows selected
ij> -- runtinestatistics() will show the access path
VALUES RUNTI MESTATI STICS().toString();

| ndexRowToBaseRowResul t Set for MYTABLE:

I ndexScanResul t Set for MYTABLE using constraint MYKEY .

1 row selected

ij> -- force a table scan (use no index)
SELECT * FROM nytabl e

PROPERTI ES i ndex=NULL

WHERE a = 1;
A | B |C
1 | 2 |3
1 |3 |3

2 rows sel ected
i j > VALUES RUNTI MESTATI STI CS().toString();

Tabl eScanResul t Set for MYTABLE .

1 row selected

ij>

-- force the use of nyindex
SELECT * FROM nytabl e
PROPERTI ES i ndex=nyi ndex

WHERE a = 1;
A | B |C
1 | 2 |3
1 |3 |3
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2 rows sel ected
i j > VALUES RUNTI MESTATI STI CS().toString();

I ndexRowToBaseRowResul t Set for MYTABLE:

I ndexScanResul t Set for MYTABLE usi ng i ndex MYl NDEX .

1 row sel ected

ij>-- force the use of the (named) prinmary key constraint

SELECT * FROM nytabl e
PROPERTI ES constrai nt =nykey

VHERE a = 1;
A | B |C
1 | 2 |3
1 |3 |3

2 rows sel ected
i j > VALUES RUNTI MESTATI STI CS().toString();

| ndexRowToBaseRowResul t Set for MYTABLE:
I ndexScanResul t Set for MYTABLE using constraint MYKEY .
next tine in mlliseconds/row = 0

1 row sel ected

ij>

Scope

Table optimizer-override property.
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index

Function

The Cloudscape optimizer chooses an index, including the indexes that enforce
constraints, as the access path for query execution if it isuseful. If thereis more
than one useful index, in most cases Cloudscape chooses the index that is most
useful.

You can override the optimizer’s selection and force use of a particular index or
force a table scan. To force use of a particular index, specify the unqualified index
name. To force a table scan, specify null for the index name.

See alsoonstraint” on page 6-5.

System-generated index names use lowercase letters, so you must treat them as
delimited identifiers and enclose them in double quotation marks.

NOTE: An exception is thrown if the access path is nonexistent or invalid. The
optimizer cannot use an index if the statement is an updatable cursor whose
updatable columns are in the index’s key, or if the statement is an UPDATE
statement and the updated columns are in the index’s key.

Syntax

i ndex= { indexNarme | null }

Example

See the example undaohstraint” on page 6-5.

Scope

Table optimizer-override property.
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joinOrder

Function

Allows you to override the optimizer’s choice of join order for two tables. When
you use the value FIXED, the optimizer chooses the order of tables as they appear
in the FROM clause as the join order.

Syntax
joinOrder = { FIXED | UNFIXED }

FIXED means the optimizer should use the order of items as they appear in the
FROM clause in the statement; UNFIXED (which is the default) allows the
optimizer to make its own choice about join order.

The wordsFIXED andUNFIXED are case-insensitive.

Default
UNFIXED.

Example

SELECT *
FROM PROPERTI ES j oi nOrder = FI XED
Flights AS fts, FlightAvailability AS fa
WHERE fts.flight_id = fa.flight_id
AND fts.segnent _nunber = fa.segment_nunber

Scope

FROM clause optimizer-override property.
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joinStrategy

Function

The joinSrategy property allows you to override the optimizer’s choice of join
strategy. The two types of join strategy are caflestied |oop andhash. In a nested

loop join strategy, for each qualifying row in the outer table, Cloudscape uses the
appropriate access path (index or table scan) to find the matching rows in the inner
table. In a hash join strategy, Cloudscape constructs a hash table representing the
inner table. For each qualifying row in the outer table, Cloudscape does a quick
lookup on the hash table to find the matching rows in the inner table. Cloudscape
has to scan the inner table or index only once to create the hash table.

Nested loop joins are useful in most situations.

Hash joins are useful in situations in which the inner table values are unique and
there are many qualifying rows from the outer table.

The PROPERTIES clause must appear directly aftantiee table.

NEW: Beginning in Version 3.0, you are allowed to specify a hash join for a
virtual table such as a derived table, view, or external virtual table.

NOTE: Use this optimizer override with thanOrder property only. Do not let the
optimizer choose the join order.

NOTE: When the optimizer automatically considers a hash join, it knows not to
choose hash join if it estimates that the amount of memory required to build
the hash table would exceed 1 MB. Forcing a hash join with this property
does not take such memory use into consideration, and you can run out of
memory.

Syntax
j oi nStrategy={ NESTEDLOOP | HASH}

The wordNESTEDLOOP andHASH are case-insensitive.

Default

Chosen by the optimizer.
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Example

-- FlightAvailability is the inner table, so we specify
-- the joinStrategy after it
SELECT *
FROM PROPERTI ES j oi nOrder = FI XED
Flights AS fts, FlightAvailability AS fa
PROPERTI ES j oi nSt r at egy=HASH
WHERE fts.flight_id = fa.flight_id
AND fts. segnent _nunber = fa.segment_nunber

--segnment s_seat booki ngs is a view

SELECT * FROM PROPERTI ES j oi nOrder =FI XED cust om zedt ours,
segnment s_seat booki ngs

PROPERTI ES j 0i nSt r at egy=NESTEDLOOP WHERE

custom zed_t our->begin = travel _date

Scope

Table optimizer-override property.
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Appendix A Internal Language

Transformations

The Cloudscape SQL-J parser sometimes transforms SQL-J statementsinternally
for performance reasons. This appendix describes those transformations.
Understanding the internal language transformations may help you analyze and
tune performance. Understanding the internal language transformations is not
necessary for the general user.

“Predicate Transformations” on page A-2

“Transitive Closure” on page A-7

“View Transformations” on page A-9

“Subquery Processing and Transformations” on page A-11
“Sort Avoidance” on page A-17

“Aggregate Processing” on page A-21



Internal Language Transformations

base table

derived table

equality predicate

equijoin predicate

optimizable

predicate

sargable

simple column reference

This chapter uses some specialized terms. Here are some definitions:

A real table in a FROM list. In queries that involve “virtua
tables such as views and derived tables, base tables a
underlying tables to which virtual tables correspond.

IH
e the

A virtual table, such as a subquery given a correlation name

or a view. For exampleSELECT derivedtable.cl FROM
(VALUES 'a, 'b’) ASderivedTable (c1, c2).

A predicate in which one value is compared to another vi
using the = operator.

A predicate in which one column is compared to a colum
another table using the = operator.

A predicate ioptimizable if it provides a starting or stop-

ping point and allows use of an index. Optimizable predi

cates use only simple column references and =, <, >, +,
and IS NULL operators. For complete details, see “Whg
Optimizable?” on page 4-5. A synonym fagtimizable is
indexable.

alue

nin

>=

1t's

A WHERE clause contains boolean expressions that can be

linked together by AND or OR clauses. Each part is calle
predicate. For exampleWWHERE c1 =2 AND c2 = 5 contains
two predicates.

Sargable predicates are a superset of optimizable predicg

da

tes;

not all sargable predicates are optimizable, because sargable

predicates also include the <> operat8arg stands for

“search argument.”) Predicates that are sargable but not
mizable nevertheless improve performance and allow th
optimizer to use more accurate costing information.

In addition, sargable predicates canphshed down (see

opti-
e

“Predicates Pushed into Views or Derived Tables” on page

A-10).

A reference to a column that is not part of an expression,
examplecl is a simple column reference, tmlt1,

max(cl), andcl.toSring() are not.

Predicate Transformations

WHERE clauses with predicates joined by OR are usually not optimizable.
WHERE clauses with predicates joined by AND are optimizable if at least one of
the predicates is optimizable. For example:
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SELECT * FROM Flights
WHERE flight_id = '"AA111Y1’
AND segment _nunber <> 2

In this example, the first predicate is optimizable; the second predicate is not.
Therefore, the statement is optimizable.

NOTE: Inafew cases, a WHERE clause with predicates joined by OR can be
transformed into an optimizable statement. See “OR Transformations” on
page A-6.

Cloudscape can transform some predicates internally so that at least one of the
predicates is optimizable and thus the statement is optimizable. This section
describes the predicate transformations that Cloudscape performs to make
predicates optimizable.

A predicate that uses the following comparison operators can sometimes be
transformed internally into optimizable predicates:

« “BETWEEN Transformations” on page A-3

* “LIKE Transformations” on page A-3

» “Static IN Predicate Transformations” on page A-5
* “OR Transformations” on page A-6

e “Transitive Closure” on page A-7

BETWEEN Transformations

A BETWEEN predicate is transformed into equivalent predicates that use the >=
and <= operators, which are optimizable. For example:

booki ng_dat e BETWEEN DATE 1998-12-01' AND DATE 1998- 12- 15’
is transformed into

booki ng_dat e >= DATE 1998- 12-01’
AND booki ng_date <= '1998-12-15’

LIKE Transformations

e “Character String Beginning with Constant” on page A-4
e “Character String Without Wildcards” on page A-4
e “Unknown Parameter” on page A-5
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Character String Beginning with Constant

A LIKE predicate in which a column is compared to a character string that begins
with acharacter constant (not awildcard) istransformed into three predicates: one
predicate that uses the LIKE operator, one that uses the >= operator, and one that
uses the < operator. For example:

country LIKE ' Ch% %
becomes

country LIKE ' Ch% %
AND country >='Ch’
AND country < G’

Thefirst (LIKE) predicate is not optimizable, but the new predicates added by the
transformation are.

When the character string begins with one more character constants and ends with
a single “%”", the first LIKE clause is eliminated. For example:

country LIKE ' Ch%
becomes

country >= ' Ch’
AND country < 'Ci’

Character String Without Wildcards

A LIKE predicate is transformed into a predicate that uses the = operator (and a
NOT LIKE predicate is transformed into one that uses <>) when the character string
does not contain any wildcards. For example:

country LIKE ' Chile’
becomes
country = 'Chile’

and

country NOT LIKE ' Chile’

becomes

country <> 'Chile’
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Predicates that use the = operator are optimizable. Predicates that use the <>
operator are sargable.

Unknown Parameter

The situation issimilar to those described above when acolumniscompared using
the LIKE operator to a parameter whose value is unknown in advance (dynamic
parameter, join column, €etc.).

In this situation, the LIKE predicate is likewise transformed into three predicates:
one LIKE predicate, one predicate using the >= operator, and one predicate using
the < operator. For example:

country LIKE ?

is transformed into

country LIKE ?
AND country >= [nternal |l yGener at edPar anet er
AND country < [nternal |l yGenerat edPar anet er

where the I nter nallyGeneratedParameters are calculated at the beginning of
execution based on the value of the parameter.

NOTE: Thistransformation can lead to abad plan if the user passesin astring that
beginswith awildcard or anonsel ective string as the parameter. Userscan
work around this possibility by writing the query like this (which is not
optimizable):

(country || ") LIKE ?

Static IN Predicate Transformations

A static IN list predicate is one in which the IN list is composed entirely of
constants. Cloudscape cal cul ates the minimum and maximum valuesin thelist and
transforms the predicate into three new predicates: the original IN predicate, one
that uses the >= operator, and one that uses the <= operator. The second and third
are optimizable. For example:

orig_airport IN ('ABQ, "AKL', 'DSM)
istransformed into

orig airport IN("ABQ, 'AKL', 'DSM)
AND orig_airport >="'ABQ
AND orig_airport <="'DSM
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NOT IN Predicate Transformations

NOT IN lists are transformed into multiple predicates that use the <> operator. <>
predicates are not optimizable, but they are sargable. For example:

orig_airport NOT IN (" ABQ, 'AKL', 'DSM)
becomes

orig_airport <> 'ABQ
AND orig_airport <> 'AKL’
AND orig_airport <> 'DSM

In addition, large lists are sorted in ascending order for performance reasons.

OR Transformations
If al the OR predicatesin aWHERE clause are of the form

sinple colum reference = Expression

where the columnReference is the same for all predicatesin the OR chain,
Cloudscape transforms the OR chaininto an IN list of the following form:

sinple colum reference | N ( Expressionl, Expression2,
Expr essi onN)

The new predicate may be optimizable.
For example, Cloudscape can transform the following statement:

SELECT * FROM Flights
WHERE flight id = ' AA1111’
OR flight_id = ' US5555’
OR flight_id = ?

into this one:

SELECT * FROM Fl i ghts
WHERE flight id IN (’ AA1111’, ’ US5555', ?)

If thistransformed IN listisastatic IN list, Cloudscape also performsthe static IN
list transformation (see “Static IN Predicate Transformations” on page A-5).
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Transitive Closure

The transitive property of numbers statesthat if A=B and B =C, then A =C.

Cloudscape appliesthis property to query predicatesto add additional predicatesto
the query in order to give the optimizer more information. This processis called
transitive closure. There are two types of transitive closure:

e transitive closure on join clauses
Applied first, if applicable
e transitive closure on search clauses

Transitive Closure on Join Clauses

When a join statement selects from three or more tables, Cloudscape analyzes any
equijoin predicates between simple column references within each query block and
adds additional equijoin predicates where possible if they do not currently exist.
For example, Cloudscape transforms the following query:

SELECT * FROM Groups, Hotel Booki ngs, FlightBooki ngs
VWHERE G oups. group_i d = Hot el Booki ngs. group_id
AND Hot el Booki ngs. group_id = Fli ght Booki ngs. group_id

into the following:

SELECT * FROM Groups, Hotel Booki ngs, FlightBooki ngs
WHERE Groups. group_i d = Hot el Booki ngs. group_i d

AND Hot el Booki ngs. group_id = Fli ght Booki ngs. group_id
AND Groups. group_id = FlightBookings.group_id

On the other hand, the optimizer knows that one of these equijoin predicates is
redundant and will throw out the one that is least useful for optimization.

Transitive Closure on Search Clauses

Cloudscape applies transitive closure on search clauses after transitive closure on
join clauses. For each sargable predicate where a simple column reference is
compared with a constant (or the IS NULL and IS NOT NULL operators),
Cloudscape looks for an equijoin predicate between the simple column reference
and a simple column reference from another table in the same query block. For each
such equijoin predicate, Cloudscape then searches for a similar comparison (the
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same operator) between the column from the other table and the same constant.
Cloudscape adds a new predicate if no such predicate is found.

Cloudscape performs all other possible transformations on the predicates
(described in “Predicate Transformations” on page A-2) before applying transitive
closure on search clauses.

For example, given the following statement:

SELECT * FROM Hot el Booki ngs, Fl i ght Booki ngs

VWHERE Hot el Booki ngs. group_i d = Fl i ght Booki ngs. group_id
AND Hot el Booki ngs. group_id BETWEEN 1 AND 3

AND Hot el Booki ngs. group_id <> 2

AND Fl i ght Booki ngs. group_id <> 4

Cloudscape first performs any other transformations:
« the BETWEEN transformation on the second predicate:

AND Hot el Booki ngs. group_id >= 1
AND Hot el Booki ngs. group_id <= 3

Cloudscape then performs the transitive closure:

SELECT * FROM Hot el Booki ngs, Fl i ght Booki ngs

VWHERE Hot el Booki ngs. group_i d = Fl i ght Booki ngs. group_id
AND Hot el Booki ngs. group_id >=
AND Hot el Booki ngs. group_id <=
AND Hot el Booki ngs. group_id <>
AND Hot el Booki ngs. group_id <>
AND Fl i ght Booki ngs. group_id >=
AND Fl i ght Booki ngs. group_id <=
AND FIl i ght Booki ngs. group_id <>
AND FIl i ght Booki ngs. group_id <>

AN WP

AN WP

When a sargable predicate uses the = operator, Cloudscape can remove all equijoin
predicates comparing that column reference to another simple column reference
from the same query block as part of applying transitive closure, because the
equijoin predicate is now redundant, whether or not a new predicate was added. For
example:

SELECT * FROM Hot el Booki ngs, Fl i ght Booki ngs
VWHERE Hot el Booki ngs. group_id = Fl i ght Booki ngs. group_id
AND Hot el Booki ngs. group_id =1

becomes (and is equivalent to)
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SELECT * FROM Hot el Booki ngs, Fl i ght Booki ngs
VWHERE FI i ght Booki ngs. group_id =1
AND Hot el Booki ngs. group_id =1

The elimination of redundant predicates gives the optimizer more accurate
selectivity information and improves performance at execution time.

View Transformations

When Cloudscape eval uates a statement that references a view, it transformsthe
reference to aview into a derived table. It may make additional transformations to
improve performance.

*  “View Flattening” on page A-9

» “Predicates Pushed into Views or Derived Tables” on page A-10

« “Materialization” on page A-11

View Flattening

When evaluating a statement that references a view, Cloudscape internally
transforms a view into a derived table. This derived table may also be a candidate
for flattening into the outer query block.

A view or derived table can be flattened into the outer query block if all of the
following conditions are met:

* The select list is composed entirely of simple column references and
constants.

* There is no GROUP BY clause in the view.
 There is no DISTINCT in the view.

For example, given viewl(a,b):

SELECT Hotel s. hotel _name, Cities.city_id
FROM Hotels, Cities
WHERE Hotels.city id = Cities.city_id

and a SELECT that references it:

SELECT a, b
FROM vl WHERE a = 'Hotel du Quai Voltaire’
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after the view is transformed into a derived table, the interna query is

SELECT a, b

FROM (sel ect Hotels.hotel _name, Cities.city_id
FROM Hotels, Cities

WHERE Hotels.city id = Cities.city_id) vl(a, b)
VWHERE a = 'Hotel du Quai Voltaire’

After view flattening it becomes

SELECT Hotel s. hotel _nane as a, Cities.city_id AS b
FROM Hotels, Cities

VWHERE Hotels.city_id = Cities.city_id

AND Hot el s. hotel _nanme = 'Hotel du Quai Voltaire’

Predicates Pushed into Views or Derived Tables

An SQL-J statement that references aview may a so include a predicate. Consider
the view v2 (a,b):

CREATE VI EWv2(a, b) AS

SELECT city_id, MAX(normal _rate)
FROM Hot el s

GROUP BY city_id

The following statement references the view and includes a predicate:

SELECT *
FROM v2
VWHERE a = 2

When Cloudscape transforms that statement by first transforming the view into a
derived table, it places the predicate at the top level of the new query, outside the
scope of the derived table:

SELECT a, b

FROM ( SELECT city_id, MAX(nornmal _rate) FROM Hotels GROUP BY
city_id) v2(a, b)

VWHERE a = 2

In the example in the preceding section (see “View Flattening” on page A-9),
Cloudscape was able to flatten the derived table into the main SELECT, so the
predicate in the outer SELECT could be evaluated at a useful point in the query.
This is not possible in this example, because the underlying view does not satisfy
all the requirements of view flattening.
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However, if the source of all of the column referencesin a predicateisa simple
column reference in the underlying view or table, Cloudscape is able to push the
predicate down to the underlying view. Pushing down meansthat the qualification
described by the predicate can be evaluated when evaluating the view isbeing
evaluated, which is more efficient. In our example, the column reference in the
outer predicate, a, in the underlying view is a simple column reference to the
underlying base table. So the final transformation of this statement after predicate
push-downis

SELECT a, b
FROM ( SELECT city_id, MAX(normal rate) FROM Hotels WHERE
city_id =2 GROUP BY city_id) vli(a, b)

Without the transformation, Cloudscape would have to scan the entire table t1 to
form al the groups, only to throw out all but one of the groups. With the
transformation, Cloudscape is able to make that qualification part of the derived
table.

If there were a predicate that referenced column b, it could not be pushed down,
because in the underlying view, column b is not a simple column reference.

Predi cate push-down transformation includes predicates that reference multiple
tables from an underlying join.

Subquery Processing and Transformations

Subqueries are notoriously expensive to evaluate. This section describes some of
the transformations that Cloudscape makes internally to reduce the cost of
evaluating them.

« “Materialization” on page A-11

« “Flattening a Subquery into a Normal Join” on page A-12

« “Flattening a Subquery into an EXISTS Join” on page A-15

Materialization

Materialization means that a subquery is evaluated only once. A subquery can be
materialized if it is a noncorrelated expression subquery. A correlated subquery is
one that references columns in the outer query, and so has to be evaluated for each

row in the outer query.
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For example:

SELECT * FROM Hotel s WHERE hotel _id = (SELECT MAX(hotel _id)
FROM Hot el Avai l ability)

In this statement, the subquery needs to be evaluated only once.

Thistype of subquery must return only one row. If evaluating the subquery causes
acardinality violation (if it returns morethan one row), an exception will bethrown
at the beginning of execution.

Subquery materialization is detected prior to optimization, which allows the
optimizer to see a materialized subguery as an unknown constant value. The
comparison is thus optimizable.

In other words, the original statement is transformed into the following two
statements:

constant = SELECT MAX(hotel _id) FROM Hotel Avail ability
SELECT * FROM hotel s
VWHERE hotel _id = constant

The second statement is optimizable.

Flattening a Subquery into a Normal Join

Subqueries are allowed to return more than one row when used with IN, EXISTS,

and ANY. However, for each row returned in the outer row, Cloudscape evaluates

the subquery until it returns one row—it doesn’t evaluate the subquery for all rows
returned.

For example, given two tabletd, andt2:

cl

cl
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and the following query:

SELECT c¢1 FROMt1l WHERE c1 I N (SELECT cl1 FROM t2)

the results would be
1

Simply selecting t1.c1 when simply joining those tables has different results:
SELECT t1.c1 FROMt1, t2 WHERE t1.cl = t2.cl

1

2

Statements that include such subqueries can be flattened into joins only if the
subguery does not introduce any duplicatesinto the result set (in our example, the
subguery introduced a duplicate and so cannot simply be flattened into ajoin). If
this requirement and other requirements (listed below) are met, however, the

statement is flattened such that the tables in the subquery’s FROM list are treated

as if they were inner to the tables in the outer FROM list.

For example, our query could have been flattened into a jcinrift2 had a unique
index on it. It wouldn’t have introduced any duplicate values into the result set.

The requirements for flattening into a normal join are:

e The subquery is not under an OR.

e The subquery type is EXISTS, IN, or ANY, or it is an expression subquery
on the right side of a comparison operator.

e The subquery is not in the SELECT list of the outer query block.
e There are no aggregates in the SELECT list of the subquery.
e The subquery does not have a GROUP BY clause.

« There is a unigueness condition that ensures that the subquery does not
introduce any duplicates if it is flattened into the outer query block.

« Each table in the subquery’s FROM list (after any view, derived table, or
subquery flattening) must be a base table.

* Ifthere is a WHERE clause in the subquery, there is at least one table in
the subquery whose columns are in equality predicates with expressions
that do not include any column references from the subquery block. These
columns must be a superset of the key columns for any unique index on the
table. For all other tables in the subquery, the columns in equality
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predicates with expressions that do not include columns from the same
table are asuperset of the unigue columnsfor any uniqueindex on thetable.

Flattening into anormal join givesthe optimizer more optionsfor choosing the best
query plan. For example, if the following statement:

SELECT huge.* FROM huge
VWHERE c1 I N (SELECT cl1 FROM ti ny)

can be flattened into

SELECT huge.* FROM huge, tiny WHERE huge.cl = tiny.cl

the optimizer can choose a query plan that will scan tiny and do afew probesinto
the hugetableinstead of scanning the huge table and doing alarge number of probes
into the tiny table.

Here is an expansion of the example used earlier in this section. Given
CREATE TABLE t1 (cl1 INT)
CREATE TABLE t2 (c1 INT PRI MARY KEY)
CREATE TABLE t3 (c1 INT PRI MARY KEY)
I NSERT INTO t1 VALUES (1), (2), (3)
I NSERT INTO t2 VALUES (1), (2), (3)
I NSERT I NTO t3 VALUES (2), (3), (4)
this query

SELECT t1.* FROMt1l WHERE t1.c1 IN
(SELECT t2.c1l FROMt2, t3 WHERE t2.c1 = t3.cl)

should return the following results:

2
3

The query satisfies all the requirementsfor flattening into ajoin, and the statement
can be transformed into the following one:

SELECT t1.*
FROMt1, t2, t3
WHERE t1.c1 =t2.cl
AND t2.c1 = t3.cl
AND tl.cl =t3.cl

The following query:

Tuning Cloudscape



Subquery Processing and Transformations

SELECT t1.*
FROM t 1 WHERE EXI STS
(SELECT * FROMt2, t3 WHERE t2.c1l = t3.cl1 ANDt2.cl1 = 3)

can be transformed into

SELECT t1.*
FROMt1, t2, t3
WHERE t1.c1 =t2.cl
AND t2.c1 = t3.cl
AND tl.cl =t3.cl

Flattening a Subquery into an EXISTS Join

An EXISTSjoinisajoininwhich theright side of the join needsto be probed only
once for each outer row. Using such a definition, an EXISTSjoin does ot literally
use the EXISTS keyword. Cloudscape treats a statement as an EXISTS join when

there will be at most one matching row from the right side of the join for agiven
row in the outer table.

A subquery that cannot be flattened into a normal join because of a uniqueness
condition can beflattened into an EXISTSjoin if it meetsall the requirements (see
below). Do you remember the first example in the previous section (“Flattening a
Subquery into a Normal Join” on page A-12)?

SELECT c¢1 FROMt1l WHERE c1 I N (SELECT cl1 FROM t2)

This query could not be flattened into a normal join because such a join would
return the wrong results. However, this query can be flattened into a join recognized
internally by the Cloudscape system as an EXISTS join. When processing an
EXISTS join, Cloudscape knows to stop processing the right side of the join after
a single row is returned. The transformed statement would look something like this:

SELECT c1 FROMt1, t2
WHERE t1.c1 =t2.cl
EXI STS JO N | NTERNAL SYNTAX

Requirements for flattening into an EXISTS join:

The subquery is not under an OR.

The subquery type is EXISTS, IN, or ANY.

The subquery is not in the SELECT list of the outer query block.
There are no aggregates in the SELECT list of the subquery.
The subquery does not have a GROUP BY clause.
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e The subquery has a single entry in its FROM list that is a base table.

« None of the predicates in the subquery, including the additional one formed
between the left side of the subquery operator and the column in the
subquery’s SELECT list (for IN or ANY subqueries), include any
subqueries, method calls, or field accesses.

When a subquery is flattened into an EXISTS join, the table from the subquery is
made join-order-dependent on all the tables with which it is correlated. This means
that a table must appear inner to all the tables on which it is join-order-dependent.
(In subsequent releases this restrictions may be relaxed.) For example:

SELECT t1.* FROMt1, t2
WHERE EXI STS (SELECT * FROMt3 WHERE t1.cl1 = t3.cl)

gets flattened into

SELECT t1.* FROMt1, t2, t3 WHERE t1l.cl = t3.cl

wheret3 is join order dependent oh This means that the possible join orders are
(t1, t2, t3), (t1, t3, t2), and €2, t1, t3).

DISTINCT Elimination in IN, ANY, and EXISTS
Subqueries

An IN, ANY, or EXISTS subquery evaluates to true if there is at least one row that
causes the subquery to evaluate to true. These semantics make a DISTINCT within
an IN, ANY, or EXISTS subquery unnecessary. The following two queries are
equivalent and the first is transformed into the second:

SELECT * FROMt1l WHERE cl1l IN
(SELECT DI STINCT c2 FROMt2 WHERE t1.c3 = t2.c4)

SELECT * FROMt1 WHERE cl1 IN
(SELECT c2 FROMt2 WHERE t1.c3 = t2.c4)

IN/ANY Subquery Transformation

An IN or ANY subquery that is guaranteed to return at most one row can be
transformed into an equivalent expression subquery (a scalar subquery without the
IN or ANY). The subquery must not be correlated. Subqueries guaranteed to return
at most one row are:

e Simple VALUES clauses

Tuning Cloudscape
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e SELECTSs returning a nongrouped aggregate

For example:

WHERE C1 | N (SELECT M N(c1) FROM T)

can be transformed into

WHERE Cl = (SELECT M N(c1) FROM T)

This transformation is considered before subquery materialization. If the
transformation is performed, the subquery becomes materializable. In the example,
if the IN subquery were not transformed, it would be evaluated anew for each row.

The subquery type transformation is shown in Table A-1:

Table A-1 IN or ANY Subquery Transformations for Subqueries Returning a Single Row

Before Transformation After Transformation

cl IN (SELECT ...) cl = (SELECT ...)
cl = ANY (SELECT ...) cl = (SELECT ...)
cl <> ANY (SELECT ...) cl <> (SELECT ...)
cl > ANY (SELECT ...) cl > (SELECT ...)
cl >= ANY (SELECT ...) cl >= (SELECT ...)
cl < ANY (SELECT ...) cl < (SELECT ...)
cl <= ANY (SELECT ...) cl <= (SELECT ...)

Sort Avoidance

Sorting is an expensive process. Cloudscape tries to eliminate unnecessary sorting
steps where possible.

« “DISTINCT Elimination Based on a Unigueness Condition” on page A-17
e “Combining ORDER BY and DISTINCT” on page A-19
e “Combining ORDER BY and UNION” on page A-20

DISTINCT Elimination Based on a Uniqueness
Condition

A DISTINCT (and the corresponding sort) can be eliminated from a query if a
uniqueness condition exists that ensures that no duplicate values will be returned.
If no duplicate values are returned, the DISTINCT node is superfluous, and
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Cloudscape transforms the statement internally into one without the DISTINCT
keyword.

The requirements are:

No GROUP BY list.

SELECT list contains at least one simple column reference.
Every simple column reference is from the same table.
Every table in the FROM list is a base table.

Primary table
Thereisat |east one uniqueindex on onetablein the FROM list for which
all the columns appear in one of the following:

- equality predicates with expressions that do not include any column
references

- simple column referencesin the SELECT list

Secondary table
All the other tables in the FROM list also have at least one unique index
for which al the columns appear in one of the following:

- equality predicates with expressions that do not include columns from
the same table

- simple column referencesin the SELECT list

For example:

CREATE TABLE tabl (cl1 INT,
c2 | NT,
c3 | NT,
c4 CHAR(2),
PRI MARY KEY (cl1, c2, c¢3))

CREATE TABLE tab2 (cl INT,
c2 INT,
PRI MARY KEY (c1, c2))

I NSERT I NTO tabl VALUES (1, 2, 3, 'WA),

(1, 2, 5 "W),
(1, 2, 4, 'CA),
(1, 3, 5, 'CA),
(2, 3, 1, 'CA)

I NSERT | NTO tab2 VALUES (1, 2),
(1, 3),
(2, 2),
(2, 3)
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-- all the colums in the index on the only tabl e appear
-- inthe way required for the Primary table

SELECT DI STINCT c1, c2, c3, c4

FROM t abl

-- all the colums in the index on the only table appear
-- inthe way required for the Primary table

SELECT DI STINCT ¢3, c4

FROM t abl

WHERE cl1 = 1

AND c2 =

AND c4 = "W

-- all the colums in the index on tabl appear
-- in the way required for the Primary table,
-- and all the colums in the

-- other tables appear in the way required

-- for a Secondary table

SELECT DI STINCT tabl.cl, tabl.c3, tabl.c4
FROM t abl, tab2

VWHERE tabl.c2 = 2

AND tab2.c2 = tabl.c2

AND tab2.c1 = tabl.cl

Combining ORDER BY and DISTINCT

Without a transformation, a statement that contains both DISTINCT and ORDER

BY would require two separate sorting steps—one to satisfy DISTINCT and one
to satisfy ORDER BY. (Currently, Cloudscape uses sorting to evaluate DISTINCT.
There are, in theory, other ways to accomplish this.) In some situations, Cloudscape
can transform the statement internally into one that contains only one of these
keywords. The requirements are:

« The columns in the ORDER BY list must be a subset of the columns in the
SELECT list.

e All the columns in the ORDER BY list are sorted in ascending order.
A unique index is not required.
For example:

SELECT DI STINCT miles, neal
FROM Fl i ghts
ORDER BY neal

is transformed into
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SELECT DI STINCT ni |l es, neal
FROM Fl i ght s

Combining ORDER BY and UNION

Without atransformation, a statement that contains both ORDER BY and UNION

would require two separate sorting steps—one to satisfy ORDER BY and one to
satisfy UNION. (Currently Cloudscape uses sorting to eliminate duplicates from a
UNION.)

In some situations, Cloudscape can transform the statement internally into one that
contains only one of these keywords (the ORDER BY is thrown out). The
requirements are:

« The columns in the ORDER BY list must be a subset of the columns in the
select list of the left side of the union.

e All he columns in the ORDER BY list must be sorted in ascending order
and they must be an in-order prefix of the columns in the target list of the
left side of the UNION.

Cloudscape will be able to transform the following statements:

SELECT nil es, neal

FROM Fl i ght s

UNI ON VALUES (1000, 'D)
ORDER BY miles

SELECT city_id, tour_level FROM Hotels

UNI ON

SELECT city_id, tour_level FROM G oups
ORDER BY Hotels.city_id, Hotels.tour_|evel

SELECT city_id, tour_level FROM Hotel s
UNI ON

SELECT city_id, tour_level FROM G oups
ORDER BY city_id, tour_level

Cloudscape cannot avoid two sorting nodes in the following statement, because of
the order of the columns in the ORDER BY clause:

SELECT city_id, tour_level FROM Hotel s
UNI ON

SELECT city_id, tour_level FROM G oups
ORDER BY tour_level, city_id
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Aggregate Processing

COUNT(nonNullableColumn)

Cloudscape transforms COUNT (nonnullable column) into COUNT(*). This

improves performance by potentially reducing the number of referenced columns
inthetable (each referenced column needsto beread in for each row) and by giving
the optimizer more access path choices. For example, the cheapest access path for

SELECT COUNT(*) FROM t1

istheindex on t1 with the smallest number of leaf pages, and the optimizer isfree
to choose that path.

Cloudscape Version 3.0



A-22 Internal Language Transformations

Tuning Cloudscape



Index

A
Access path
how optimizer chooses 4-14
overriding optimizer 4-25, 6-5, 6-8, 6-8
when optimizer’s cost estimates for it are
accurate4-14

when optimizer’s cost estimates for it are less

accurate4-15
Application design
performance implication3-1
Application performance
analyzing3-12
Authentication
turning on5-15
Authentication provider
specifying5-11
Automatic stale plan invalidatio®-5

B

Base table
definition A-2

BETWEEN transformation#\-3

Booting
configuring systenb-72

Bulk fetch 4-24
configuring system-wide defaut-31
how optimizer choose4-24
overriding system default-26, 6-3
when usefulb-4

bulkFetch optimizer-override propertg-3

C
Caches
performance benefits of primir@+5
Checkpoint3-12
Class loading
enabling5-17

how to minimize impact 08-10
tuning 2-8
when it occurs in Cloudscae10
Class path
performance implications d*-10
Cloudscape properties
setting1-4-1-12
cloudscape.authentication.|dap.searchAuthDN
5-5
cloudscape.authentication.|dap.sear chAuthPW
5-7
cloudscape.authentication.ldap.searchbase 5-8
cloudscape.authentication.|dap.searchfilter 5-9
cloudscape.authentication.provider 5-11
cloudscape.authentication.server 5-13
cloudscape.connection.requireAuthentication
5-15
cloudscape.database.classpath 5-17
cloudscape.database.defaultConnectionMode
5-19
cloudscape.database.forceDatabasel ock 5-21
cloudscape.database.full AccessUsers 5-22
cloudscape.database.noAutoBoot 2-8, 5-24
cloudscape.database.propertiesOnly 1-3, 5-25
cloudscape.database.readOnlyAccessUsers
5-26
cloudscape.infolog.append 5-28
cloudscape.jdbc.metadataStor edPreparedtate
ments 5-29
cloudscape.language.bulkFetchDefault 5-31
cloudscape.language.defaultl solationLevel
5-33
cloudscape.language.logStatementText 5-35
cloudscape.language.prel oadClasses 5-36
cloudscape.language.spsCacheSize 5-37
cloudscape.language.stal ePlanChecki nterval
5-39

IN-1



IN-2

cloudscape.language.statementCacheSize
2-10, 541
cloudscape.locks.deadlockTimeout 5-45
cloudscape.locks.deadl ockTrace 5-47
cloudscape.locks.escalationThreshold 4-24,
5-48

cloudscape.locks.monitor 5-50
cloudscape.locks.waitTimeout 5-51
cloudscape.propertiesfile 1-4, 1-6
cloudscape.service 5-53
cloudscape.storage.initial Pages 5-55
cloudscape.storage.minimumRecordSze 5-57
cloudscape.storage.pageCacheSze 5-59
cloudscape.storage.pageReser vedSpace 5-60
cloudscape.storage.pageSze 2-5, 5-62
cloudscape.storage.rowLocking 5-64
cloudscape.storage.tempDirectory 5-66
cloudscape.stream.error.field 5-68
cloudscape.stream.error file 5-69
cloudscape.stream.error.logSeverityLevel 5-70
cloudscape.stream.error.method 5-71
cloudscape.system.bootAll 2-8, 5-72
cloudscape.system.home 5-73
cloudscape.system.home

determining location of

cloudscape.properties 1-6

cloudscape.user 5-74
Compilation

avoiding by using PreparedStatements 3-8

avoiding by using stored prepared statements

3-8

performance hit 3-8
Compilation classes

loading at boot time 5-36
COM.cloudscape.database.Database 1-7
COM.cloudscape.database.Propertylnfo 1-9
COM .cloudscape.vti.VTICosting 4-27
Configuring Cloudscape 1-4—1-12
Conglomerate-specific properties 5-1

setting 1-8

verifying 1-9
constraint optimizer-override property 6-5
Covering indexes 4-7
Cursors

affected by indexes 4-11

D
Data page cache

performance benefits of increasing 2-4
Database design

performance implications 3-1
Database pages

Tuning Cloudscape

preallocating 5-55
DatabaseMetaData

performancetip 2-11
Databases

booting all in system 5-72

booting upon connection only 5-24

external to system directory 5-53
Database-wide properties

protecting against overrides 5-25

protecting for embedded environment 1-3

setting 1-7

shortcut for setting 1-8

verifying value of 1-7
Deadlocks

monitoring 5-50

timeout property 5-45

tracing 5-47

wait timeout property 5-51
Derived table

definition A-2
DISTINCT

combined with ORDER BY A-19

eliminated for uniqueness condition A-17
Dynamic properties 1-4

E
Equality predicate
definition A-2
Equijoin predicate
definition A-2
Equijoins
optimizable 4-13
Error log
configuring severity of errors that appear in
5-70
redirecting to a stream 5-68, 5-71
specifying file name 5-69
EXISTSjoin
definition A-15
Expensive queries
how to avoid 3-4
importance of avoiding 3-4

F
FLOAT
java.sgl type converted to DOUBLE
PRECISION when retrieved 2-8

H
Hash join strategy 4-13, 6-10
Hash joins

requirementsfor 4-13



use of memory 4-13

|
index optimizer-override property 6-8
Index use
analyzing 3-3, 3-12
how optimizer chooses 4-14
Indexes
cost of maintaining 4-10
definition 4-2
how they work 4-1—4-11
performance benefits of 2-4, 3-2
querying system tablesto get system-
generated name 1-9
when they are useful 4-4
Information log
overwriting 5-28
Internal transformation of statements 4-6
BETWEEN predicates A-3
COUNT A-21
LIKE predicates A-3
OR predicates A-6
predicates A-2—A-6
Sort avoidance A-17
static IN predicates A-5
transitive closure A-7
views A-9
IN/ANY subquery transformation A-16
Isolation levels
configuring default for system or database
5-33

J
java.sgl.ResultSet.getXXX methods
performance implications of 2-7
JDBC DatabaseMetaData
improving performance of 5-29
JT
performance benefits of 2-2
Join order
analyzing 3-12
how optimizer chooses 4-16
overriding optimizer 4-25
performance implications of 3-3, 4-11
rules of thumb 4-12
Join strategies 4-13
how optimizer chooses 4-18
overriding optimizer 4-26
joinOrder optimizer-override property 6-9
Joins
optimizability of 4-7
performance factors 4-11—4-14

Index

joinStrategy optimizer-override property 6-10
JVMs (Java Virtual Machines)
importance for performance 2-2

L
Language transformations for performance
A-1-A-21
Large database pages
requirement for more memory 2-7
LDAP
configuring 5-5, 5-7, 5-8, 5-9, 5-13
LIKE transformations A-3
Lock escalation 5-48
at runtime (for statement) 4-24
at runtime (for transaction) 4-28
by user 4-30
chosen by optimizer 4-21
threshold 4-24
Lock granularity
how optimizer chooses 4-21
tuning 4-26
LOCK TABLE statement 4-30
Locking
performance implications of 4-28
Locks
monitoring 5-50
LONGVARBINARY
java.sgl type converted to BIT VARYING
when retrieved 2-8
LONGVARCHAR
java.sql type converted to VARCHAR when
retrieved 2-8

M
Matching index scans
definition 4-5
MAX() optimization 4-32
Memory
allocating more memory to an application 2-7
MIN() optimization 4-32

N
Nested loop join strategy 4-13, 6-10
NIS+

configuring 5-13

o
Optimizable
definition 4-5, A-2
Optimizable equijoins
definition 4-13
Optimizable operators 4-6

Cloudscape Version 3.0

IN-3



IN-4

Optimization 4-1—4-26
requirementsfor 4-5
Optimizer
accuracy of 4-27, 4-27
correcting accuracy of by forcing table scans
4-27
decisions made by 4-14
description 4-1
overriding 4-25, 6-1—6-11
Optimizer overrides 6-1—6-11
scope of 6-1
OR transformations A-6
ORDERBY
cost-based avoidance of 4-19

P
Page cache size
configuring 5-59
Page size
configuring 5-62
performance implications of 2-5
performance trade-offs of large pages 2-6
Performance
key issues 3-1
Performance of statements
analyzing 3-18—3-25
Platforms
recommended 2-2
Predicates
definition A-2
directly optimizable 4-5
indirectly optimizable 4-6
pushed down into views A-10
PreparedStatements
performance benefits of 3-8
Properties
conglomerate-specific scope 1-2, 5-1
database-wide scope 1-2
dynamic vs. static 1-4
implications of having various ways to set
1-11
in client/server mode 1-8, 1-10
persistence of 1-2
precedence of 1-3
publishing 1-8
scope of 1-2
setting using a Properties object 1-5
system-wide scope 1-2, 1-4
verifying 1-7
verifying for tables and indexes 1-9

Tuning Cloudscape

Q
Qualifiers

in matching index scans 4-9
Query optimization 4-1—4-11

R
Recompiling

when advisable 2-9
Reserving space on a page 5-60
Row-level locking

disabling 5-64
RunTimeStatistics

overview 3-19

using 3-19

S
Sargable
definition A-2
Selectivity assumptions of optimizer 4-15
Shutdown
performance benefits of 2-10
Simple column reference
definition A-2
Sort avoidance 4-18, A-17
Stale statements 3-4
definition 3-7
Statement cache
performance benefits of 2-10, 3-9
Statement execution
analyzing 3-12
debugging 5-35
Statement execution plan 3-21
Statement plans
automatic invalidation of 5-39
Statements
and stale statement execution plans 3-6
caching 5-41
debugging 5-35
when they are optimizable 4-5
Static IN transformations A-5
Static properties 1-4
unable to set through SQL-J statement 1-5
Statistics timing attribute
use of 3-20
Storage properties 1-9, 5-1
Stored prepared statement cache 5-37
Stored prepared statements 3-8
caching of across multiple connections 3-15
need to recompile 2-9, 3-14
performance benefits of 2-3, 3-13
performance hit caused by recompilation
3-17



samplevaluesfor parametersfor optimization
3-14
staleness of requiring recompilation 3-18
what makes them invalid 3-17
Subqueries
elimination of DISTINCT in IN, ANY, and
EXISTS subqueries A-16
flattening of A-12
flattening of to an EXISTSjoin A-15
materialization of A-11
processing and transformations of A-11
System properties
setting in a Properties object 1-5
setting on command line 1-5
System-wide properties
setting 1-6

T
Table-level locking
forcing for a specific table at creation time
4-22
tmp directory

Index

setting location for 5-66
Transitive closure A-7

U
UNION

avoiding ordering during A-20
User authentication

turning on 5-15
User authorization

configuring 5-19, 5-22, 5-26
Users

creating 5-74

\%
Verifying database-wide properties 1-7
Verifying properties used in tables and indexes
19
View flattening A-9
View transformations A-9
VTls
and costing information 4-27

Cloudscape Version 3.0

IN-5



	Tuning Cloudscape
	Table of Contents
	About This Document
	Purpose of This Document
	Audience
	How This Document Is Organized

	1 Working with Cloudscape Properties
	Properties Overview
	Scope of Properties
	Persistence of Properties
	Precedence of Properties
	Protection of Database-Wide Properties

	Dynamic vs. Static Properties

	Ways of Setting Cloudscape Properties
	System-Wide Properties
	Programmatically
	As a Parameter to the JVM Command Line
	Using a Properties Object Within an Application or Statement

	In the cloudscape.properties File
	Verifying System Properties

	Database-Wide Properties
	Shortcut for Setting Database Properties

	Conglomerate-Specific Properties
	Verifying Conglomerate-Specific Properties

	In a Client/Server Environment
	Dynamic or Static Changes to Properties

	Properties Case Study

	2 Performance Tips and Tricks
	The Top Ten Tips
	Tip One. Use a Fast JVM with Lots of Memory, and Tune the JIT
	Tip Two. Use Stored Prepared Statements and Prepared Statements
	Tip Three. Create Indexes, and Make Sure They’re Being Used
	Tip Four. Tune How You Load Data
	Tip Five. Increase the Size of the Data Page Cache
	Tip Six. Tune the Size of Database Pages
	Performance Trade-Offs of Large Pages
	When Large Page Size Does Not Improve Performance
	When Large Page Size Is Not Desirable


	Tip Seven. Avoid Expensive Queries
	Tip Eight. Use the Appropriate getXXX and setXXX Methods for the Type
	Tip Nine. Tune Database Booting/Class Loading
	Tip Ten. Recompile Stale Stored Prepared Statements

	No Longer in the Top Ten, but Worth Listing
	Shut Down the System Properly
	Shorten Your Class Path
	Increase the Statement Cache Size
	When Working with Development Tools, Pre-Load DatabaseMetaData Stored Prepared Statements


	3 Tuning Databases and Applications
	Application and Database Design Issues
	Avoiding Table Scans of Large Tables
	Index, Index, Index
	Create Useful Indexes
	Make Sure They Are Being Used, and Rebuild Them
	Think About Join Order

	Prevent the User from Issuing Expensive Queries
	Understand When Statements Go Stale
	Overview
	Automatic Stale Plan Invalidation
	Stale Plans and Stored Prepared Statements
	When a Change in Table Makes a Plan Stale


	Avoiding Compiling SQL Statements
	Across Connections and Sessions
	Within a Single Connection

	Shielding Users from Cloudscape Class-Loading Events
	Tuning Tips for Multi-User Systems
	Tuning Tips for Single-User Systems

	Analyzing Statement Execution
	Storing Prepared Statements to Improve Performance
	Creating a Stored Prepared Statement
	Executing a Stored Prepared Statement
	Additional Benefits for Multiple Connections: The Stored Prepared Statement Cache
	Invalid Stored Prepared Statements and Recompilation
	Stale Stored Prepared Statements

	Working with RunTimeStatistics
	Overview
	How You Use It
	Analyzing the Information
	Statistics Timing
	Statement Execution Plan
	Subset of Statement Execution Plan
	Optimizer Estimates

	Viewing Runtime Statistics in Cloudview


	4 DML Statements and Performance
	Performance and Optimization
	Index Use and Access Paths
	What Is an Index?
	What’s Optimizable?
	Directly Optimizable Predicates
	Indirectly Optimizable Predicates
	Joins

	Covering Indexes
	Single-Column Index Examples
	Multiple-Column Index Example

	Useful Indexes Can Use Qualifiers
	When a Table Scan Is Better
	Indexes Have a Cost for Inserts, Updates, and Deletes
	How Indexes Affect Cursors

	Joins and Performance
	Join Order Overview
	Join Strategies

	Cloudscape’s Cost-Based Optimization
	About the Optimizer’s Choice of Access Path
	Estimating Row Counts for Unknown Search Values

	About the Optimizer’s Choice of Join Order
	Join Order Case Study

	About the Optimizer’s Choice of Join Strategy
	About the Optimizer’s Choice of Sort Avoidance
	Cost-Based ORDER BY Sort Avoidance

	About the Optimizer’s Selection of Lock Granularity
	How the Optimizer Makes Its Decision at Compile Time
	Lock Escalation Threshold
	Runtime Overrides

	About the Optimizer’s Selection of Bulk Fetch
	Overriding the Optimizer
	Overriding the Optimizer’s Choice of Access Path
	Overriding the Optimizer’s Choice of Join Order
	Overriding the Optimizer’s Choice of Join Strategy
	Overriding the Optimizer’s Choice of Fetch Size
	Tuning Lock Granularity

	Optimizer Accuracy
	Providing Costing Information for VTIs


	Locking and Performance
	Transaction-Based Lock Escalation
	LOCK TABLE Statement

	Non-Cost-Based Optimizations
	Non-Cost-Based Sort Avoidance (Tuple Filtering)
	DISTINCT
	Quick DISTINCT Scans

	GROUP BY

	The MIN() and MAX() Optimizations


	5 Cloudscape Properties
	cloudscape.authentication.ldap.searchAuthDN
	Syntax
	Default
	Example
	Scope
	Static or Dynamic

	cloudscape.authentication.ldap.searchAuthPW
	Default
	Example
	Scope
	Static or Dynamic

	cloudscape.authentication.ldap.searchBase
	Function
	Example
	Scope
	Dynamic or Static

	cloudscape.authentication.ldap.searchFilter
	Function
	Syntax
	Default
	Examples
	Scope
	Dynamic or Static

	cloudscape.authentication.provider
	Function
	Syntax
	Example
	Scope
	Dynamic or Static

	cloudscape.authentication.server
	Function
	Default
	Syntax
	Example
	Scope
	Dynamic or Static

	cloudscape.connection.requireAuthentication
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.database.classpath
	Function
	Syntax
	Example
	Scope
	Dynamic or Static

	cloudscape.database.defaultConnectionMode
	Function
	Example
	Default
	Scope
	Dynamic or Static

	cloudscape.database.forceDatabaseLock
	Function
	Example
	Scope
	Dynamic or Static

	cloudscape.database.fullAccessUsers
	Function
	Syntax
	Example
	Scope
	Dynamic or Static

	cloudscape.database.noAutoBoot
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.database.propertiesOnly
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.database.readOnlyAccessUsers
	Function
	Syntax
	Example
	Scope
	Dynamic or Static

	cloudscape.infolog.append
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.jdbc.metadataStoredPreparedStatements
	Function
	Possible Values (case-insensitive)
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.language.bulkFetchDefault
	Function
	Default
	Minimum Value
	Example
	Scope
	Dynamic or Static

	cloudscape.language.defaultIsolationLevel
	Function
	Syntax
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.language.logStatementText
	Function
	Example
	Default
	Scope
	Dynamic or Static

	cloudscape.language.preloadClasses
	Function
	Example
	Default
	Scope
	Dynamic or Static

	cloudscape.language.spsCacheSize
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.language.stalePlanCheckInterval
	Function
	Default
	Minimum Value
	Maximum Value
	Example
	Scope
	Dynamic or Static

	cloudscape.language.statementCacheSize
	Function
	Default
	Minimum Value
	Example
	Scope
	Dynamic or Static

	cloudscape.language.triggerMaximumRecursionLevel
	Function
	Syntax
	Default
	Minimum Value
	Example
	Scope
	Dynamic or Static

	cloudscape.locks.deadlockTimeout
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.locks.deadlockTrace
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.locks.escalationThreshold
	Function
	Syntax
	Default
	Minimum
	Maximum
	Example
	Scope
	Dynamic or Static

	cloudscape.locks.monitor
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.locks.waitTimeout
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.service
	Function
	Syntax
	Examples
	Scope
	Dynamic or Static

	cloudscape.storage.initialPages
	Function
	Default
	Minimum Value
	Maximum Value
	Example
	Scope

	cloudscape.storage.minimumRecordSize
	Valid Conglomerates
	Default
	Minimum
	Maximum
	Examples
	Scope
	Dynamic or Static

	cloudscape.storage.pageCacheSize
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.storage.pageReservedSpace
	Function
	Valid Conglomerates
	Default
	Minimum Value
	Example
	Scope
	Dynamic or Static

	cloudscape.storage.pageSize
	Function
	Valid Conglomerates
	Default
	Minimum Value
	Maximum Value
	Example
	Scope
	Dynamic or Static

	cloudscape.storage.rowLocking
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.storage.tempDirectory
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.stream.error.field
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.stream.error.file
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.stream.error.logSeverityLevel
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.stream.error.method
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.system.bootAll
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.system.home
	Function
	Default
	Example
	Scope
	Dynamic or Static

	cloudscape.user.UserName
	Function
	Users and Passwords
	Caching User DNs
	Syntax
	Default
	Examples
	Scope
	Dynamic or Static
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	constraint
	Function
	Syntax
	Example
	Scope

	index
	Function
	Syntax
	Example
	Scope

	joinOrder
	Function
	Syntax
	Default
	Example
	Scope

	joinStrategy
	Function
	Syntax
	Default
	Example
	Scope
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