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The second line in this diagram has a segment named “Setting the Run
Mode,” which according to the diagram footnote, is on page 17-4. This
segmentis shown in the following segment diagram (the diagram uses
segment start and end components).

Setting the Run Mode:
T
= Ej PR O B |

To construct a command correctly, start at the top left with the command.
Follow the diagram to the right, including the elements that you want. The
elementsin the diagram are casesensitive.

The Creating a No-Conversion Jobdiagram illustrates the following steps:
1. Type onpladm create job and then the name of the job.
2. Optionally, type -p and then the name of the project.
3. Type the following required elements:
vV -n
v -d and the name of the device
v -D and the name of the database
v -t and the name of the table
4. Optionally, you can chooseone or more of the following elements and
repeat them an arbitrary number of times:
v -S and the server name
v -T and the target server name
v The run mode. To setthe run mode, follow the Setting the Run Mode

segment diagram to type -f, optionally type d, p, or a, and then
optionally type | or u.

5. Follow the diagram to the terminator.
Your diagram is complete.

Keywords and Punctuation

Keywords are words reserved for statements and all commands except
system-level commands. When a keyword appearsin a syntax diagram, it is
shown in uppercase letters. When you use a keyword in a command, you can
write it in uppercase or lowercase letters, but you must spell the keyword
exactly asit appearsin the syntax diagram.
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You must also use any punctuation in your statements and commands exactly
as shown in the syntax diagrams.

Identifiers and Names

Variables serve as placeholders for identifiers and namesin the syntax
diagrams and examples. You can replace a variable with an arbitrary name,
identifier, or literal, depending on the context. Variables are also used to
represent complex syntax elements that are expanded in additional syntax
diagrams. When a variable appearsin a syntax diagram, an example, or text,
it is shown in lowercasétalic.

The following syntax diagram usesvariables to illustrate the general form of a
simple SELECT statement.

—SELECFcolumn_name-FROMtable_name

When you write a SELECT statement of this form, you replace the variables
column_nameand table_namaevith the name of a specific column and table.

Example Code Conventions

Examples of SQL code occur throughout this manual. Except as noted, the
code is not specific to any single IBM Informix application development tool.

If only SQL statements are listed in the example, they are not delimited by
semicolons. For instance, you might seethe code in the following example:

CONNEQD stores_demo

DELETEROMustomer
WHERE&ustomer_num= 121

COMMIWORK
DISCONNECURRENT

To use this SQL code for a specific product, you must apply the syntax rules
for that product. For example, if you are using DB—Access,you must delimit
multiple statementswith semicolons. If you are using an SQL API, you must
use EXEC SQL at the start of each statement and a semicolon (or other
appropriate delimiter) at the end of the statement.

Tip: Ellipsis points in a code example indicate that more code would be
added in a full application, but it is not necessaryto show it to describe
the concept being discussed.

For detailed directions on using SQL statements for a particular application

development tool or SQL API, seethe manual for your product.
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Additional Documentation
For additional information, refer to the following types of documentation:
Installation guides
Online notes
Informix error messages
Manuals
Online help

< < < <

<

Installation Guides

Installation guides are located in the /doc directory of the product CD or in
the /doc directory of the product's compressedfile if you downloaded it from
the IBM Web site. Alternatively, you can obtain installation guides from the
IBM Informix Online Documentation site at
[ttp://mww.ibm.com/software/data/informix/pubs/library/. |

Online Notes
The following sections describe the online files that supplement the
information in this manual. Pleaseexamine these files before you begin using
your IBM Informix product. They contain vital information about application
and performance issues.
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Online File Description Format

TOC Notes The TOC (Table of Contents) notes file HTML
provides a comprehensive directory of
hyperlinks to the releasenotes, the fixed and
known defects file, and all the documentation
notes files for individual manual titles.

Documentation Notes  The documentation notes file for eachmanual HTML, text
contains important information and
corrections that supplement the information
in the manual or information that was
modified since publication.

ReleaseNotes The releasenotes file describesfeature HTML, text
differences from earlier versions of IBM
Informix products and how these differences
might affect current products. For some
products, this file also contains information
about any known problems and their
workarounds.

Machine Notes (Non-Windows platforms only) The machine text
notes file describesany platform-specific
actions that you must take to configure and
use IBM Informix products on your

computer.
Fixed and Known This text file lists issuesthat have been text
Defects File identified with the current version. It also lists

customer-reported defects that have been
fixed in both the current version and in
previous versions.

Locating Online Notes

Online notes are available from the IBM Informix Online Documentation site
at|http://www.ibm.com/software/data/informix/pubs/library. | Additionally
you can locate these files before or after installation as described below.

Before Installation

All online notes are located in the /doc directory of the product CD. The
easiestway to accessthe documentation notes, the releasenotes, and the fixed
and known defectsfile is through the hyperlinks from the TOC notes file.

The machine notes file and the fixed and known defects file are only provided
in text format.

After Installation

Introduction XVii


http://www.ibm.com/software/data/informix/pubs/library/

On UNIX platforms in the default locale, the documentation notes, release
notes, and machine notes files appear under the
$INFORMIXDIR/release/en_us/0333 directory.

| Dynamic Server

On Windows the documentation and releasenotes files appear in the
Informix folder. To display this folder, choose Start > Programs > IBM
Informix Dynamic Server version > Documentation Notes or Release Notes
from the taskbar.

Machine notes do not apply to Windows platforms.

| End of Dynamic Server

Online Notes Filenames
Online notes have the following file formats:

Online File File Format Examples
TOC Notes prod os tocnotes_versionhtml ids_win_tocnotes_10.0.html
Documentation Notes prod booknamedocnotes_versionhtml/txt ids_hpl_docnotes_10.0.html
ReleaseNotes prod_osrelnotes_versionhtml/txt ids_unix_relnotes_10.0.txt
Machine Notes prod_machine_notes_versiontxt ids_machine_notes_10.0.txt
Fixed and Known prod_defects_versiontxt ids_defects_10.0.txt
Defects File client_defects_2.90.txt
ids_win_fixed_and_known ids_win_fixed_and_known
_defects_versiontxt _defects_10.0.txt

Informix Error Messages

This file is a comprehensive index of error messagesand their corrective
actions for the Informix products and version numbers.

On UNIX platforms, use the finderr command to read the error messagesand
their corrective actions.

| Dynamic Server

On Windows, use the Informix Error Messagesutility to read error messages
and their corrective actions. To display this utility, choose Start > Programs >
IBM Informix Dynamic Server version > Informix Error Messages from the
taskbar.

| End of Dynamic Server
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You can also accessthese files from the IBM Informix Online Documentation
site at |http://www.ibm.com/software/data/informix/pubs/library/. [

Manuals

Online

Online Manuals

A CD that contains your manuals in electronic format is provided with your
IBM Informix products. You can install the documentation or accessit directly
from the CD. For information about how to install, read, and print online
manuals, seethe installation insert that accompaniesyour CD. You can also
obtain the same online manuals from the IBM Informix Online Documentation
site at |http://www.ibm.com/software/data/informix/pubs/library/. [

Printed Manuals

To order hardcopy manuals, contact your salesrepresentative or visit the IBM
Publications Center Web site at
[http://www.ibm.com/software/howtobuy/data.html. |

Help

IBM Informix online help, provided with each graphical user interface (GUI),
displays information about those interfaces and the functions that they
perform. Use the help facilities that each GUI provides to display the online
help.

Accessibility

IBM is committed to making our documentation accessibleto persons with
disabilities. Our books are available in HTML format so that they can be
accessedwith assistive technology such as screenreader software. The syntax
diagrams in our manuals are available in dotted decimal format, which is an
accessibleformat that is available only if you are using a screenreader. For
more information about the dotted decimal format, seethe Accessibility
appendix.

IBM Informix

Dynamic Server Version 10.0 and CSDK Version 2.90

Documentation Set

The following tables list the manuals that are part of the IBM Informix
Dynamic Server, Version 10.0and the CSDK Version 2.90,documentation set.
PDF and HTML versions of these manuals are available at
[http://www.ibm.com/software/data/informix/pubs/library/. | You can order
hardcopy versions of these manuals from the IBM Publications Center at
[http://www.ibm.com/software/howtobuy/data.html. |
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Table 1. Database Server Manuals

Manual

Subject

Administrator's Guide

Understanding, configuring, and administering your databaseserver.

Administrator's Reference

Referencematerial for Informix Dynamic Server, such asthe syntax of
database server utilities onmode and onstat, and descriptions of
configuration parameters, the sysmasters tables, and logical-log records.

Backup and Restore Guide

The concepts and methods you need to understand when you use the
ON-Bar and ontape utilities to back up and restore data.

DB-AccessUser’'s Guide

Using the DB-Access utility to accessmodify, and retrieve data from
Informix databases.

DataBlade API
Function Reference

The DataBlade API functions and the subset of ESQL/C functions that
the DataBlade API supports. You can use the DataBlade API to develop
client LIBMI applications and C user-defined routines that accessdata in
Informix databases.

DataBlade API
Programmer’s Guide

The DataBlade API, which is the C-language application-programming
interface provided with Dynamic Server. You use the DataBlade API to
develop client and server applications that accessdata stored in Informix
databases.

Database Design and
Implementation Guide

Designing, implementing, and managing your Informix databases.

Enterprise Replication
Guide

How to design, implement, and manage an Enterprise Replication system
to replicate data between multiple databaseservers.

Error Messagesfile

Causesand solutions for numbered error messagesyou might receive
when you work with IBM Informix products.

Getting Started Guide

Describesthe products bundled with IBM Informix Dynamic Server and
interoperability with other IBM products. Summarizes important features
of Dynamic Server and the new features for each version.

Guide to SQL: Reference

Information about Informix databases,data types, system catalog tables,
environment variables, and the stores_demo demonstration database.

Guide to SQL: Syntax

Detailed descriptions of the syntax for all Informix SQL and SPL
statements.

Guide to SQL: Tutorial

A tutorial on SQL, asimplemented by Informix products, that describes
the basic ideas and terms that are used when you work with a relational
database.

High-Performance Loader
User's Guide

Accessing and using the High-Performance Loader (HPL), to load and
unload large quantities of data to and from Informix databases.

Installation Guide for
Microsoft Windows

Instructions for installing IBM Informix Dynamic Server on Windows.

Installation Guide for
UNIX and Linux

Instructions for installing IBM Informix Dynamic Server on UNIX and
Linux.

XX IBM Informix R-TreeIndex User’s Guide




Table 1. Database Server Manuals (continued)

Manual

Subject

J/Foundation Developer’s
Guide

Writing user-defined routines (UDRS) in the Javaprogramming language
for Informix Dynamic Server with J/Foundation.

Large Object Locator
DataBlade Module User’s
Guide

Using the Large Object Locator, a foundation DataBlade module that can
be used by other modules that create or store large-object data. The Large
Object Locator enablesyou to create a single consistent interface to large
objects and extends the concept of large objectsto include data stored
outside the database.

Migration Guide

Conversion to and reversion from the latest versions of Informix
databaseservers. Migration between different Informix database servers.

Optical Subsystem Guide

The Optical Subsystem, a utility that supports the storage of BYTE and
TEXT data on optical disk.

Performance Guide

Configuring and operating IBM Informix Dynamic Serverto achieve
optimum performance.

R-Tree Index User’s Guide

Creating R-tree indexes on appropriate data types, creating new operator
classesthat use the R-tree accessmethod, and managing databasesthat
use the R-tree secondary accessmethod.

SNMP Subagent Guide

The IBM Informix subagent that allows a Simple Network Management
Protocol (SNMP) network manager to monitor the status of Informix
servers.

Storage Manager
Administrator's  Guide

Informix Storage Manager (ISM), which manages storage devices and
media for your Informix databaseserver.

Trusted Facility Guide

The secure-auditing capabilities of Dynamic Server, including the creation
and maintenance of audit logs.

User-Defined Routines and
Data Types Developer’'s
Guide

How to define new data types and enable user-defined routines (UDRS)
to extend IBM Informix Dynamic Server.

Virtual-Index Interface
Programmer’s Guide

Creating a secondary accessmethod (index) with the Virtual-Index
Interface (VII) to extend the built-in indexing schemesof IBM Informix
Dynamic Server. Typically used with a DataBlade module.

Virtual-Table Interface
Programmer’s Guide

Creating a primary accessmethod with the Virtual-Table Interface (VTI)
so that users have a single SQL interface to Informix tables and to data
that does not conform to the storage scheme of Informix Dynamic Server.

Table 2. Client/Connectivity M

anuals

Manual

Subject

Client Products Installation
Guide

Installing IBM Informix Client Software Developer’s Kit (Client SDK) and
IBM Informix Connect on computers that use UNIX, Linux, and
Windows.

Embedded SQLJUser’s
Guide

Using IBM Informix Embedded SQLJto embed SQL statementsin Java

programs.
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Table 2. Client/Connectivity Manuals (continued)

Manual

Subject

ESQL/C Programmer’s
Manual

The IBM Informix implementation of embedded SQL for C.

GLS User's Guide

The Global Language Support (GLS) feature, which allows IBM Informix
APIs and databaseservers to handle different languages, cultural
conventions, and code sets.

JDBC Driver Programmer’s
Guide

Installing and using Informix JDBC Driver to connectto an Informix
databasefrom within a Javaapplication or applet.

.NET Provider Reference
Guide

Using Informix .NET Provider to enable .NET client applications to
accessand manipulate data in Informix databases.

ODBC Driver Programmer’s
Manual

Using the Informix ODBC Driver API to accessan Informix databaseand
interact with the Informix databaseserver.

OLE DB Provider
Programmer’s Guide

Installing and configuring Informix OLE DB Provider to enable client
applications, such as ActiveX Data Object (ADO) applications and Web
pages,to accessdata on an Informix server.

Object Interface for C++
Programmer’s Guide

The architecture of the C++ object interface and a complete class
reference.

Table 3. DataBlade Developer’s Kit Manuals

Manual

Subject

DataBlade Developer’s Kit
User's Guide

Developing and packaging DataBlade modules using BladeSmith and
BladePack.

DataBlade Module
Development Overview

Basic orientation for developing DataBlade modules. Includes an example
illustrating the development of a DataBlade module.

DataBlade Module
Installation and Registration
Guide

Installing DataBlade modules and using BladeManager to manage
DataBlade modules in Informix databases.

Compliance with Industry Standards

The American National Standards Institute (ANSI) and the International
Organization of Standardization (ISO) have jointly established a set of
industry standards for the Structured Query Language (SQL). IBM Informix
SQL-basedproducts are fully compliant with SQL-92 Entry Level (published
as ANSI X3.135-1992)which is identical to ISO 9075:1992In addition, many
features of IBM Informix databaseservers comply with the SQL-92
Intermediate and Full Level and X/Open SQL Common Applications
Environment (CAE) standards.

XXIi
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IBM Welcomes Your Comments

We want to know about any corrections or clarifications that you would find
useful in our manuals, which will help us improve future versions. Include
the following information:

v The name and version of the manual that you are using
v Section and page number
v Your suggestions about the manual

Send your comments to us at the following email address:

[docinf@us.ibm.con

This email address is reserved for reporting errors and omissions in our
documentation. For immediate help with a technical problem, contact IBM
Technical Support.

We appreciate your suggestions.
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In This Chapter

This chapter provides a detailed discussion of the R-tree secondary access

method and an in-depth discussion about how R-tree indexes work. It

includes the following topics:

v |About AccessMethods|

The R-Tree Secondary Access Method |
About Operator Classe
R-Tree Functionality That IBM Provides|

< < < <

IBM Informix DataBlade Modules That Use the R-Tree Access Method|

DataBlade module developers can use the DataBlade Developer's Kit to
develop the objectsthat form the DataBlade module that usesthe R-tree
accessmethod. The DataBlade Developer's Kit automatically generatesmost of
the SQL commands and some of the C code needed to create the objects. For
purposes of clarity, however, this guide gives examples of the SQL commands
and C code so that the processof creating the objectsis easierto understand.

This guide usesthe Shapes3sample DataBlade module, described in
to illustrate how to use the R-tree accessmethod and how to

create DataBlade modules that implement the R-tree accessmethod.
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About Access Methods

1-2

An accessnethodis a set of database server routines that IBM Informix
Dynamic Server usesto accessand manipulate a table or an index. The two
types of accessmethods are primary and secondary.

Dynamic Server usesa primary accessnethodto perform standard table
operations, such asinserting, deleting, updating, and retrieving data.

Dynamic Server uses a secondaraccessnethodto build, use, and manipulate
an index structure. Indexes are built on one or more columns of a table to
provide a quick way to find rows in a databasebased on the value in the
indexed column or columns.

The routines of a secondary accessmethod encapsulate index operations, such
as how to:

v Build an index
v Scanthe index

v Insert new information into an index as new data is inserted into the
indexed table

v Update an index asthe indexed table is updated
v Delete data from an index as data is deleted from the indexed table

Theseroutines are collectively called purposefunctions

Secondary accessmethods are used in combination with operatorclasseshat
describe when an accessmethod can be used in a query and how to perform
the index operations, such as scanning and updating. Operator classesare a
way of specifying the routines that play particular roles in access-method
operations. Operator classesare described in more detail in the section
[Operator Classes” on page 1-12.

Dynamic Server provides two secondary accessmethods:

v B-tree, which stands for balancedree B-tree is the default secondary access
method for ordered data values.

v R-tree, which stands for rangetree R-tree is an accessmethod for
multidimensional (spatial) and interval data.

The B-tree accessmethod is described in your IBM Informix: Administrator's
Guide

Tip: Indexes that are created and manipulated by a particular secondary
accessmethod are referred to by the name of the accessmethod. For
example, the R-tree secondary accessmethod is used to create and
manipulate R-tree indexes.
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The R-Tree Secondary Access Method

R-tree is a type of secondary accessmethod that is specifically designed to
index table columns that contain the following types of data:

v Multidimensional data, such as:
— Spatial data in two or three dimensions
An extra dimension that representstime could also be included.

— Combinations of numerical values treated as multidimensional values,
such as a configuration for a house that includes the number of stories,
the number of bedrooms, the number of baths, the age of the house, and
the square feet of floor space

v Range values, as opposed to single point values, such as the time of a
television program (9:00P.M. to 9:30P.M.) or the north-south extent of a
county on a map

Important:  You can build R-tree indexes only on a single column of a table or
on the result of a single function (functional R-tree indexes); you
cannot build a single R-tree index on multiple columns.

To index multiple attributes, incorporate them into a single data
type. For more information on how to create a new data type,
refer to [‘Designing a User-Defined Data Type” on page 3-4.

The R-tree accessmethod is implemented internally using the Virtual-Index
Interface, a mechanism provided with Dynamic Server so you can create new
secondary accessmethods.

The purpose of a spatial index, such as R-tree, is to produce, during query
processing, a candidate result setthat is much smaller than the original set
being searched (the table), as opposed to immediately finding the correct
result set. The candidate result setthat is found by traversing the R-tree index
often contains false hits aswell astrue hits becausethe index usesenclosing
boxes instead of the true shapesof the data objects. The false hits are
eliminated by applying a more expensive, exact test to the small candidate set.

An R-tree index is inexact, but it is conservative. This means that a searchthat
usesthe R-tree index often retrieves too much information, but never too
little. The final result of a searchthat usesthe R-tree index is the sameasa
searchthat does not use the index or a searchthat usesan exacttest on every
object in the table.

Another way to look at an R-tree index is that it eliminates large amounts of
data that could not possibly qualify in a search,without actually examining
the data itself. It does this by eliminating data that falls outside boxes that
enclosethe area of interest.
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R-Tree

R-tree indexes are dynamic. This means that an R-tree index maintains itself
during updates, inserts, and deletes of the indexed table. In addition, you do
not need to know anything about the amount of data or the range of values in
the column to be indexed before you create an R-tree index.

Index Structure

The hierarchical structure of an R-tree index is similar to that of a B-tree
index, although the data stored in the index is quite different.

Bounding Boxes

The R-tree accessmethod organizes data in a tree-shaped structure called an
R-tree index. The index usesa boundingbox which is a rectilinear shape that
completely contains the bounded object or objects. Bounding boxes can
enclose data objects or other bounding boxes.

Bounding boxes are usually stored as a set of coordinates of equal dimension
as the bounded object. While it is useful for performance reasonsto choose
the bounding box that is as small as possible, the R-tree accessmethod does
not require it. The minimum bounding box is often, however, the most
efficient one. For example, the minimum bounding box for a two-dimensional
circle is a square whose side is equal to the diameter of the circle. The
minimum bounding box for a three-dimensional sphere is a cube whose edge
is equal to the diameter of the sphere.

Tip: A dimension of a bounding box can be time or some other nonspatial
guantity.

The lower part of shows a set of bounding boxes that enclose data
objects and other bounding boxes. In the diagram, the data objects are shaded.

Important: Data objects are only shown for bounding boxes R8, R9, and R10.
The other bounding boxes at the leaf level (R11through R19)also
contain data items, but they are omitted from the figure to
simplify the graphic.
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Figure 1-1. R-Tree Index Structure

As the figure shows, bounding boxes can enclose a single data object or one
or more bounding boxes. For example, bounding box R8, which is at the leaf
level of the tree, contains the data object D1. Bounding box R3, which is at the
branch level of the tree, contains the bounding boxes R8, R9, and R10.
Bounding box R1, which is at the root level, contains the bounding boxes R3,
R4, and R5.

The R-tree accessmethod evaluates the index entries (data objects and

bounding boxes) as opaque objects (strings of bytes). The R-tree access
method usesthe support and strategy functions to interpret these objects.
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Bounding-Box-Only R-Tree Indexes

For R-tree indexes created with Version 9.21or later of the databaseserver, if
the datablade module you are working with is appropriately setup, default
R-tree indexes no longer store a copy of the data object in leaf pages. Instead,
the leaf pages store bounding box representations of the data object. This type
of R-tree index is called a bounding-box-onlyR-tree index.

Important: The Informix Geodetic and Spatial DataBlade modules support
bounding-box-only R-tree indexes. To set up your own DataBlade
module to support these indexes, you must implement the
Rtreelnfo function with the operation strat_func_substitutions .
You might also need to redesign your strategy functions that
occupy slots 5 and up, if you want them to behave differently at
non-leaf pages. This is becauseyou cannot distinguish between
leaf and non-leaf items in a bounding-box-only index. For more
information, seef'The Rtreelnfo Function” on page 3-117.

Important: Only R-tree indexes created using Version 9.21or later of the
database server can be bounding-box-only R-tree indexes. R-tree
indexes created in Version 9.20and earlier versions of the
database server continue to store copies of data objectsin leaf
pages.

The advantages of bounding-box-only R-tree indexes are the following:

v The R-tree index is significantly smaller, saving both disk spaceand the
time to build and maintain the index.

v Bottom-up build performance is improved, becausememory and temporary
dbspace usage are reduced.

v The log spaceneeded to update the index is reduced.

You might want to override this behavior if your table contains other large
columns in addition to the column being indexed with the R-tree index. For
more information about the BOUNDING BOX_INDEX index parameter, see
[‘R-Tree Index Parameters” on page 2-4.

Functional R-tree indexes are not bounding-box-only indexes; they store the
data objectsthemselvesin leaf pages.

R-tree indexes built in Version 9.20 of the database server continue to work
correctly in Version 9.21.1f, however, you build a new bounding-box-only
R-tree index in Version 9.21 of the database server, this index will not work
correctly if you revert to Version 9.20of the databaseserver.

IBM Informix R-TreeIndex User’s Guide



Hierarchical Index Structure

An R-tree index is arranged as a hierarchy of pages. The topmost level of the
hierarchy is the root page Intermediate levels, when needed, are branchpages
Each branch page contains entries that refer to a subset of pages, or a subtree,
in the next level of the index. The bottom level of the index contains a set of
leafpagesEach leaf page contains a list of index entries that refer back to rows
in the indexed table. Eachindex entry also includes a copy of the
bounding-box of the indexed key from the table, or dataobject The pages of
an R-tree index do not usually contain the maximum possible number of
index entries.

An R-tree index is height-balanced, which meansthat all paths down the tree,
from the root page to any leaf page, traverse the same number of levels. This
also meansthat all leaf nodes are at the same level.

Each page in an R-tree index structure is a physical disk page. The R-tree
index is designed to minimize the number of pagesthat need to be fetched
from disk during the execution of a query, since disk I/O is often the most
costly part.

The upper section of |Figure 1—5] shows how the data objects and the bounding
boxes (described in ['‘Bounding Boxes” on page 1-4) stored in an R-tree index
structure are related. The root page contains entries for bounding boxes R1
and R2. Together, these two bounding boxes encloseall the objectsin the
index.

Tip: Use the rtreeRootBB() function to return coordinates of the bounding
box that encloseall objectsin an R-tree index. For detailed instructions
on how to use this function, refer to |Chapter 4, “Managing Databases{;
IThat Use the R-Tree Secondary AccessMethod,” on page 4-1|

The bounding boxes of an index page can overlap. However, a data object
appears only oncein the index even if it falls inside more than one bounding
box at the branch levels. For example, data object D2 appears only once in the
index that [Figure 1-1 on page 1-§ shows, even though it falls inside bounding
boxes R9, R3, R4, and R1.

The reason data objects appear only oncein an R-tree index is to keep the
index small. If each object had to be replicated in several index pages,the size
of the R-tree index would be larger than it needsto be.

An index entry in a leaf page consists of:
v A copy of the key, or data object, from the table
v A pointer back to the row in the indexed table (also known asa row ID)
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The size of an index entry in a leaf page is the size of the data object plus 20
bytes.

An index entry in aroot or branch page consists of:
v A bounding box that contains all the objectsin its child pages

v A page number that points to a lower-level (branch or leaf) page in the
index

The size of an index entry in aroot or branch page is the size of the bounding
box plus 12 bytes.

Eachtype of page in an R-tree index (leaf, branch, or root) also has an
overhead of 20 bytes plus the size of the overall bounding box of the page.

The number of levels needed to support an R-tree index depends on the
number of index entries eachindex page can hold. The number of entries per
index page depends, in turn, on the size of the key value. The number of
entries per page determines the branching factor of the tree. More entries per
page, or a higher branching factor, means that fewer levels are needed for the
same number of leaf pagesas well asfewer leaf pagesfor a given number of
basetable keys. For any reasonable branching factor, almost all the spacethat
an R-tree index needsis used by leaf pages.

The next sections describe a searchand an update of an R-tree index that
results from a searchor update of the indexed table.

Searching with an R-Tree Index

The simplest kind of searchthat usesan R-tree accessmethod is for objects
that overlap a searchobject For example, you might want to searchfor all the
polygons stored in the column of a table that overlap a specified polygon. To
use the R-tree accessmethod to improve the performance of this type of
search,you must create an R-tree index on the table column that contains the
polygons, and then you must specify a function that checksfor overlap (listed
in the operator classdefinition as a strategyfunction) in the WHERE clause of
the query statement. Operator classesand strategy functions are described in
more detail in [‘About Operator Classes” on page 1-19.

The R-tree secondary accessmethod usesthe bounding box of the search
object to guide the search. The accessmethod begins a search at the root of
the R-tree index structure. The accessmethod compares the bounding box of
the search object to the bounding boxes stored in the index entries of the root
page. All subtrees whose bounding boxes overlap the search bounding box
must be searched, becausethey might contain qualifying data. Any number of
subtrees might need to be searched. The accessmethod then recursively
applies the same processto each qualifying subtree. Subtreeswhose bounding
boxes do not overlap are skipped; this is where the R-tree accessmethod
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savessearchtime and work. The accessmethod usesthe appropriate strategy
function to test for overlap of bounding box entries in branch index pages.

When the search encounters a leaf page, it applies the appropriate strategy
function to eachkey on the leaf page. The strategy function tests for bounding
box overlap between the search object’s bounding box and the key’s bounding
box. If this test passes,the strategy function then applies an exactoverlap test
between the actual search object and the actual key. Keys that qualify
according to the strategy function satisfy the query restriction being tested
becauseof this final exacttest and result in the set of rows that are returned
from the original query.

Nearest-Neighbor Searching

The R-tree accessmethod provides support for nearest-neighbosearches,that
is, querying for objectsin a spatial databasethat are closestto a specified
object or location. Traditionally, without nearest-neighbor support, these kinds
of searchesare awkward to perform and involve several iterative stages.

To perform nearest-neighbor searches,the DataBlade module you are using
must be set up for it. For example, the IBM Informix Geodetic DataBlade
module and the IBM Informix Spatial DataBlade module both provide
nearest-neighbor search support.

r‘Performing Nearest-Neighbor Searches”on page 2-14 explains how to
perform nearest-neighbor searchesusing a DataBlade module that provides
this feature.

[‘Setting Up Nearest-Neighbor Searching” on page 3-4J| explains how to add
nearest-neighbor support to a DataBlade module.

In this release, nearest-neighbor searchis not supported with fragmented
indexes.

Inserting into an R-Tree Index

When data is inserted into an R-tree indexed table column, the R-tree index
must also be updated with the new information. Insertion into an R-tree index
is similar to insertion into a B-tree index in that new index records are added
to the leaves, nodes that overflow are split, and splits propagate up the tree.

First, the R-tree secondary accessmethod calculates a bounding box for the
new data object. The accessmethod then searchesfor a leaf page whose
existing entries form the tightest group with the new data object. The access
method searchesdown the tree from the root page, looking for data objects
whose bounding box best fits the new data object. Then it descendsinto that
subtree, repeating the selection process at each internal page until it reachesa
leaf page.
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As the R-tree accessmethod searchesdown the tree, it looks for bounding
boxes that will be enlarged the least to accommodate the new data object. The
accessmethod might also use internal criteria other than the bounding box
being enlarged by the smallest amount when it choosesthe best leaf page.

Once the accessmethod finds the best leaf page, and there is spaceon the
corresponding disk page, the accessmethod adds a new index entry that
consists of a copy of the new data object. The bounding boxes of the parent
index pagesall the way up to the root page might also need to be enlarged.

If no spaceis left on the leaf page for the new data object, the leaf page is
split into two pages. This meansthat a new page is allocated and the contents
of the old page, plus the new data object, are divided between the old and the
new pages. If the parent page is full, it might also need to split, and so on up
to the root page. If the root page splits, the tree becomesone level deeper.

When an index page splits, the index entries in the original page must be
divided between the two new pages. The division is done in a way that
makes it as unlikely as possible that both new pageswill need to be examined
on subsequent searches.Becausethe decision to visit a page is based on
whether the bounding box of the search object overlaps the bounding boxes of
the index entries, the total area of the two new bounding boxes should be as
small as possible.illustrates this point by comparing efficient and
inefficient ways to divide five items into two groups.

[] []

Inefficient split Efficient split
Figure 1-2. Simple Page-Splitting Example

compares a page split in which the resulting pages overlap each
other with a split where the resulting pagesdo not overlap each other. The

split with overlapping pagesis more efficient becausethe total area of the
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bounding boxes of the two overlapping pagesis smaller than that of the
nonoverlapping pages.

Inefficient split Efficient split

Figure 1-3. Complex Page-Splitting Example

The preceding example shows that avoiding overlap is not necessarily the
best, and definitely not the only, criterion for dividing index entries between
the two resulting pages of a page split.

The R-tree index is initially created by starting with an empty root page and
inserting index entries one by one.

R-Link Trees and Concurrency

The basic R-tree index structure described in the previous sections works well
in a single-user environment but might run into problems if multiple users
search and update the index concurrently. R-tree indexes require a particular
type of locking during page splits to preserve the integrity of the index
structure and ensure correct results from queries. For example, while a page is
being split, it is necessaryto hold locks on all pagesup to and including the
root page. This locking behavior is problematic in a concurrent environment.
To solve this problem, Informix usesa modified structure called an R-link tree
instead of the basic R-tree.

R-link trees are similar to the R-tree structure described in the preceding
sections, with the following two key differences:

v All the pagesat the same level in the index structure contain a pointer to
their right sibling (except for the rightmost page, which has a null pointer).
This createsa single list of right-pointing links that includes every pagein a
particular level.

When a page splits and a new page is created, the new page is inserted into
the list of right-pointing links directly to the right of the old page.
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This sibling relationship between pages has no semantic or spatial meaning
and is not used in a search of the index. It is only used to keep the index
structure consistent and to maintain the correct functioning of the index
while it allows concurrent accessand updates.

v Each page in the index is assigned a sequencenumber that is unique within
the tree. Eachindex entry in aroot or branch page includes the expected
sequencenumber of its child page, in addition to the information listed in
[‘Hierarchical Index Structure” on page 1-7.

When a page splits, the new right sibling page is assigned the old page’s
sequencenumber, and the old page receivesa new sequencenumber.

The R-link structure allows the R-tree accessmethod to perform index
operations without holding locks on pagesthat might be needed again later.
The combination of right-pointing links and sequencenumbers lets the R-tree
accessmethod detect page splits made by other users and correctly find all
the needed pages.

About Operator Classes

1-12

Although an R-tree index might exist on a table column, it might not always
be possible for the query optimizer to use it when you execute a query, even
if the WHERE clause of the query specifies the indexed column.

For example, a query might search for polygons whose areais greater than a
specified number. An R-tree index will not likely be of usein this type of
query becausethe accessmethod usesthe bounding box of the polygons, and
not the area, to create the index. However, a query that searchesfor polygons
that overlap a specified polygon will likely use the R-tree index.

An operatorclasshelps the query optimizer determine whether a secondary
accessmethod can be used in a query. It also defines how to accessand
modify the index if it is used in a query. An operator class specifies a group of
functions that work with a new data type and an accessmethod. It links each
function to the role it will play in the accessmethod operations.

An operator classdefines a way to organize the functions that are
implemented in a DataBlade module and defines how to make them known
to the query optimizer and the accessmethod. It identifies the functions that
fill particular roles that fall into the following two categories:

v Strategy functions

Strategy functions include all the functions whose evaluation can be
assisted by an R-tree index. If a strategy function is specified in the WHERE
clause of a query, the R-tree index can be used to evaluate the query.
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Strategy functions are used both directly by end usersin the WHERE clause
of SQL queries and internally by the R-tree accessmethod to searchthe
index.

An example of a strategy function is the Overlap function, which
determines whether two bounding boxes have any points in common.

v Support functions

The accessmethod usesthe support functions of a secondary accessmethod
to build, update, and maintain the index. Thesefunctions are not called
directly by end users.

An example of a support function is the Size function, which calculates the
size of a bounding box.

The R-tree accessmethod, similar to all secondary accessmethods, has specific
operator classrequirements for the type and number of strategy and support
functions that must be defined. By creating a new operator class, DataBlade
developers attach names of actual functions to the placeholders for required
functions in the operator class structure, which completes the information the
database server needs.

A secondary accessmethod usually has a default operator classassociated
with it. The default operator classfor the R-tree accessmethod is called
rtree_ops.

The rtree_ops operator classis generally only used for generic R-tree access
method testing and as an example of how to create a new operator classfor
use with the R-tree accessmethod. It is almost never used directly to create an
R-tree index. The rtree_ops operator classhas a fixed set of four strategy
functions, and it cannot be extended. For this reason, and others described in
Chapter 3, “Developing DataBlade Modules That Use the R-Tree Secondar)l
AccessMethod,” on page 3-1|, DataBlade developers should always create a
new operator classto use the R-tree accessmethod to index the new data
types or to extend the types of queries that use the accessmethod.

describesin detail how to create an operator classand how to set
up the necessarystrategy and support functions.

R-Tree Functionality That IBM Provides
R-tree accessmethod functionality is provided in the following products:
v IBM Informix Dynamic Server
v |R-Tree Secondary Access Method DataBlade Module |

The following sections describe the parts of the R-tree functionality that each
product provides.
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IBM Informix Dynamic Server

R-Tree

IBM Informix Dynamic Server includes the definition of the R-tree access
method and the definition of its default operator class,rtree_ops. However,
the support and strategy functions that perform the indexing work are not
included; they must be implemented outside the databaseserver, usually as
part of a DataBlade module. The rtree_ops operator classis intended to be
used for generic R-tree testing. While you can reuse it, it is recommended that
you create a new operator classfor each new data type that is to be indexed
with an R-tree index.

Newly created Informix databasesinclude only standard data types, such as
INTEGER, DATETIME, and VARCHAR. Columns of these data types cannot
be indexed with R-tree indexes. Therefore, to create and use an R-tree index,
you must add the following objectsto your database:

v One or more user-defined data types that can be indexed with an R-tree
index

v A new operator classfor the R-tree accessmethod so that you can create
R-tree indexes on the user-defined data type

v The strategy and support functions required by the operator class
You must supply the function code in the form of a shared-objectlibrary.

To add new data types to an Informix database,you register a DataBlade
module that includes the definition of the data types. The DataBlade module
might also include a new operator classso you can index the user-defined
data type with an R-tree index. For a list of IBM Informix DataBlade modules
that include new data types, support and strategy functions, and operator
classes,refer to ['lBM Informix DataBlade Modules That Use the R-Tree Access
[Method” on page 1-18.

If you are developing a new DataBlade module, read [Chapter 3, “Developing
DataBlade Modules That Use the R-Tree Secondary Access Method,” on page
3-_1]It describesin detail how to create the required strategy and support
functions in order to create a new operator class. The chapter also describes
the issuesyou should be aware of when you design the user-defined data
type that will be indexed with the R-tree index.

Secondary Access Method DataBlade Module

The IBM Informix R-Tree Secondary AccessMethod DataBlade module is
automatically installed at the time you install Dynamic Server.

| UNIX Only |

On UNIX, the IBM Informix R-Tree Secondary AccessMethod DataBlade
module is installed in the directory $INFORMIXDIR/extend/ifxrltree. version,
where versionrefers to the latest version number of the DataBlade module
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installed on your computer.

| End of UNIX Only |

| Windows Only |

On Windows, the IBM Informix R-Tree Secondary AccessMethod DataBlade
module is installed in the directory

%INFORMIXDIR%\extend\ifxrltree. version, where versionrefers to the latest
version number of the DataBlade module installed on your computer.

| End of Windows Only |

Contents of the DataBlade Module
The IBM Informix R-Tree Secondary AccessMethod DataBlade module
consists of:

v A list of error messagesthat the R-tree accessmethod uses

v A BladeSmith interface object ifxrltreel that the DataBlade modules that
depend on the IBM Informix R-Tree Secondary AccessMethod DataBlade
module use

For more information on how to use this interface object, refer to |Chapter 3]
‘Developing DataBlade Modules That Use the R-Tree Secondary Access
Method,” on page 3-1l

As the preceding section describes, the R-tree accessmethod itself is built into
Dynamic Server. The error messagesthat the accessmethod uses, however, are
only available if the IBM Informix R-Tree Secondary AccessMethod
DataBlade module is registeredn a database.

The R-tree error messagescontained in this DataBlade module have error
codes of the form RTRnnwhere:

v RTRs the three-character prefix for all IBM Informix R-Tree Secondary
AccessMethod DataBlade module error codes.

v nnare two characters (0 to 9 or A to Z) that uniquely identify each error
code.

DataBlade Module Registration

You must register the IBM Informix R-Tree Secondary AccessMethod
DataBlade module in eachdatabasein which you plan to use it. To register
DataBlade modules, use BladeManager.

This registration normally occurs when you register a dependent DataBlade
module, that is, one that can only be registered if the IBM Informix R-Tree
Secondary AccessMethod DataBlade module has been previously registered.
The dependent DataBlade module first signals to BladeManager that it
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depends on the IBM Informix R-Tree Secondary AccessMethod DataBlade
module. BladeManager then registers the IBM Informix R-Tree Secondary
AccessMethod DataBlade module before it registers the dependent DataBlade
module.

The dependent DataBlade module usually contains the definition of the
user-defined data type the R-tree accessmethod can index.

For more information about BladeManager, refer to the IBM Informix:
DataBladeModule Installation and RegistrationGuide

IBM Informix

DataBlade Modules That Use the R-Tree Access Method

The following IBM Informix DataBlade modules use the R-tree accessmethod:
v IBM Informix Geodetic DataBlade module

This DataBlade module is designed to manage spatio-temporal data with
global content, such as metadata associatedwith satellite images.

The DataBlade module createsa variety of data types, such as GeoPoint
and GeoObject,as well asa variety of functions that operate on the data
types, such as Intersects and Outside . It also provides an operator class,
called GeoObject_ops, so you can create R-tree indexes on columns of data
type GeoObiject,and the Nearest function to allow you to perform
nearest-neighbor searches.

v IBM Informix Spatial DataBlade module

This DataBlade module also manages spatio-temporal data. It treats the
earth as a flat map and usesplanimetric (flat-plane) geometry. The Spatial
DataBlade module is best used for regional data setsand applications.

The DataBlade module createsa variety of data types, such as

ST _LineString and ST_Polygon, as well as a variety of functions that
operate on the data types, such as ST_Distance and ST_Overlaps. It also
provides an operator class,called ST_Geometry_Ops, S0 you can create
R-tree indexes on columns of spatial data types, and the SE_Nearestand
SE_NearestBBox functions to allow you to perform nearest-neighbor
searches.

v IBM Informix Video Foundation DataBlade module

This DataBlade module is designed to store, manage, and manipulate video
data and its metadata.

The DataBlade module createsa variety of data types, such as MedChunk,
aswell asa variety of functions that operate on the data types, such as
Within and Overlap . It also provides an operator class, called
MedChunk_ops , so you can create R-tree indexes on columns of type
MedChunk.
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describes the Shapes3sample DataBlade module that defines four

spatial data types and an operator classto allow you to create an R-tree index
on columns of these data types. The sample module is not an IBM Informix
product, but is provided asan example of creating an operator class.
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In This Chapter

This chapter describeshow to use the R-tree accessmethod. It is written for
application developers and schemadesigners who use R-tree indexes to index
existing tables or design schemasthat contain tables indexed by R-tree

indexes. The chapter includes the following topics:

v [Before You Begin|

v [Creating R-Tree Indexeq

v [When Does the Query Optimizer Use an R-Tree Index?|
v |R-Tree Indexes and Null Values|

v [Performing Nearest-Neighbor Searchep

v |DatabaselIsolation Levels and R-Tree Indexeq

v [Functional R-Tree Indexeg

Before You Begin

You can create an R-tree index on a table after you complete the following

tasks:
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1. Install a DataBlade module on your databaseserver that includes the
following objects:

v A user-defined data type that can be indexed with an R-tree index

v An operator classthat specifies the functions to be used with the R-tree
index

v The support and strategy functions required by the operator class

Examples of DataBlade modules that use the R-tree accessmethod are the
IBM Informix Geodetic DataBlade module and the IBM Informix Video
Foundation DataBlade module.

For more information on these modules, refer to ['IBM Informix DataBlade]
[Modules That Use the R-Tree Access Method” on page 1-14.

2. Create a database.

3. Register the IBM Informix R-Tree Secondary AccessMethod DataBlade
module into your databaseusing BladeManager.

If the DataBlade module described in step 1 defines a dependency on the
IBM Informix R-Tree Secondary AccessMethod DataBlade module, you
can skip this step, becauseBladeManager automatically prompts you to
register the IBM Informix R-Tree Secondary AccessMethod DataBlade
module when you register the DataBlade module described in step 1.

For more information on the IBM Informix R-Tree Secondary Access
Method DataBlade module, refer to ['R-Tree Secondary AccessMethod |
[DataBlade Module” on page 1-14.

4. Register the DataBlade module described in step 1 into your database
using BladeManager.

5. Create a table that contains one or more columns of the user-defined data
type that can be indexed with the R-tree accessmethod.

For information on how to install and register DataBlade modules, refer to the
IBM Informix: DataBladeModule Installation and RegistrationGuide and to the
release notes of your DataBlade module.

Important: The examples of this chapter use objects defined in the sample
Shapes3DataBlade module that describes. These
objectsinclude the data type MyShape and the operator class

MyShape_ops. Columns of data type MyShape can store points,
boxes, and circles.

Creating R-Tree Indexes

To use the R-tree secondary accessmethod, you must first create an R-tree
index on a column whose data type can be indexed by the R-tree access
method.
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Important: R-tree indexes must be created in dbspaceswith the default page
size.

You can create an R-tree index either before or after you insert data into the
table. However, if you are loading large amounts of data into the table, you
should create the R-tree index after you load the data. When you create an
R-tree index on a loaded table, the generation of log records is suppressed, so
you do not run out of log space.If, however, you create the index first and
then load large amounts of data in a single transaction, you might run out of
log space,which causesthe transaction to abort.

In addition, if you use the bottom-up build method, described later in this
chapter, to create the R-tree index after you have loaded the data, the size of
the index is typically about two-thirds the size of the index built with a
slower method. The R-tree accessmethod uses bottom-up building when
creating an R-tree index only when data currently exists in the table.

Syntax
The basic syntax for creating an R-tree index is:

CREATENDEXindex_name
ONtable_name (column_namep_class)
USINGRTREH parameters)
index_options ;

The parametersand index_optionsarguments are optional.

Important: The ONLINE keyword of the CREATE INDEX and DROP INDEX
statements is not supported for R-Tree indexes.

The arguments are described in the following table.

Arguments Purpose Restrictions

index_name The name you want to give The name must be unique in the database.
your index

table_name The name of the table that The table must already exist.
contains the column you want
to index

column_name The name of the column you You can create an R-tree index on a single column
want to index For example, only; you cannot create a single R-tree index on
you can create an R-tree index multiple columns. The data type of this column
on columns of data type must support R-tree indexes. For more information
MyShape, defined in the on the data types that support R-tree indexes, check
sample DataBlade module. the DataBlade module user’s guide.

Chapter 2. Using the R-Tree Secondary AccessMethod ~ 2-3



Arguments

Purpose

Restrictions

op_class

The name of the operator class
For example, to index columns
of data type MyShape, defined
in the sample DataBlade
module, you must specify the
MyShape_ops operator class.

If you have registered in your databasea DataBlade
module that supplies its own operator class,you
must specify it when you create an R-tree index.

If you do not specify an operator class,or if you
specify the default rtree_ops operator classwithout
knowingly setting up your data type and functions
to use it, the R-tree index might appear to work
correctly but will function unpredictably. Check the
DataBlade module user’s guide for more
information on which operator classyou must
specify when you create an R-tree index.

You must run the UPDATE STATISTICS statement
after you create the index or the query optimizer
might not chooseto use the index at appropriate
times.

parameters

The parameters that specify
how an R-tree index is built
These parameters only affect
the building of the index, not
the subsequent use of the
index.

You can specify the following index parameters:
BOTTOM_UP_BUILD, BOUNDING_BOX_INDEX,
NO_SORT, SORT_MEMORY, FILLFACTOR. For
detailed information about eachindex parameter
and when you should use it, refer to

|Parameters” on page 2-4.

index_options

The fragmentation and storage
options of the index, described
in detail in the sectionl“R-Tree|
[Index Options” on page 2-9

The options available for R-tree indexes are
FRAGMENT BY and IN. The options CLUSTER,
UNIQUE, DISTINCT, ASC, DESC, and
FILLFACTOR are not supported.

R-Tree

Index Parameters

You use index parameters to specify how the R-tree accessmethod builds an
R-tree index on a table column. The index parameters only affect the creation
of the index; they do not affect subsequent use of the index.

For more information on the CREATE INDEX statement, refer to the
IBM Informix: Guideto SQL Syntax

Each index parameter is setto a value in single quotes. For example, if you
want to specify afill factor of 80, you specify the index parameter as
FILLFACTOR=+80For detailed examples of using index parameters, refer to

[‘FExamples of Creating R-Tree Indexes” on page 2-9.
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Index Parameter

Description

Default Value

BOTTOM_UP_BUILD

Specifieswhether to use bottom-up building
when creating an R-tree index By default, the
R-tree secondary accessmethod builds an
R-tree index by using an algorithm that bulk
loads data very quickly into the index. This is
also called bottom-up building. To use
bottom-up building, you must create a
temporary dbspace.You can set this index
parameter to NO (do not use bottom-up
building to build the R-tree index) or YES.For
detailed information on bottom-up building of
R-tree indexes, refer to [‘Bottom-Up Building of]|
[R-Tree Indexes” on page 2-17.

Yes

SORT_MEMORY

Specifiesthe amount of shared memory in
kilobytes (per index fragment) that the R-tree
secondary accessmethod usesfor sorting when
it createsan R-tree index with the bottom-up
building method. This index parameter only
applies if BOTTOM_UP_BUILD is also
specified. Increase the value of
SORT_MEMORY to speed up the R-tree index
creation. The minimum value you can set this
index parameter to is 8. The maximum value is
determined by the amount of shared memory
available on your computer.You can also
specify the shared memory the R-tree access
method usesfor sorting by setting the
ONCONFIG parameters DS_TOTAL_MEMORY
and DS_MAX_QUERIES, as described in the
Default Value column.

The value of the
ONCONFIG parameter

DS _TOTAL_MEMORY
divided by the value of the
ONCONFIG parameter
DS_MAX_QUERIESIf the
two ONCONFIG
parameters are not
specified in the
ONCONFIG file, then the
default values of the two
ONCONFIG parameters are
used. The default value for
DS_TOTAL_MEMORY is
256 KB and the default
value for
DS_MAX_QUERIESis 2.
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Index Parameter

Description

Default Value

FILLFACTOR

Specifieswhat percentage of an index page
should be filled with entries asthe R-tree
accessmethod createsthe R-tree index The
unfilled part of an index page is then available
for future growth of the index. This index
parameter only applies if
BOTTOM_UP_BUILD is also specified. If you
specify a low value, the index will be larger,
but there will be more spaceon eachindex
page to accommodate future entries in the
index. Although it is not necessaryto leave
spacefor future entries, if the pages are too
full, the first few new entries will cause many
page splits and thus slow performance. If you
specify a high value, the R-tree index will be
smaller, but new additions to the index might
causemore page splits. This index parameter is
similar to that for B-tree indexes. You can set
this index parameter to an integer between 1
and 100.

100

This means that all index
pageswill be completely
filled.

NO_SORT

Speedsup the creation of R-tree indexes on
already-sorted tables

The NO_SORT index parameter is only valid
with R-tree indexes that support bottom-up
build. The DataBlade module you are using
must provide a function that returns a numeric
spatial key given an object of the data type
that is being indexed. The procedure shown
infUsing the NO SORT Index Parameter” on|
|page 2-§ explains how to first sort a table and
then create an R-tree index using the
NO_SORT index parameter.

NO

2-6 IBM Informix R-TreeIndex User’s Guide



Index Parameter

Description Default Value

BOUNDING_BOX_ When setto NO, createsan R-tree index that YES

INDEX

stores copies of the data objects themselvesin
the leaf pages (instead of just their bounding
boxes) During an R-tree index scan, if the
index is a bounding-box-only index (the
default), the table is accessedfor the final exact
geometry check. For this reason, many more
additional page reads might occur during a
scanif the row size of the table is large due to
large columns. In this case,to improve
performance, you might want to create your
R-tree index so that copies of the data objects
are stored in the leaf pages. Specify
BOUNDING_BOX_INDEX='NQO’ in the
CREATE INDEX statement, as the following
example shows:

CREATENDEXcircle_tab_index5
ONcircle_tab ( circles MyShape_op3
USINGRTREE
(BOUNDING_BOX_INDEX=*NOs);

Bottom-Up Building of R-Tree Indexes

When you create an R-tree index, by default, the accessmethod builds the
index using a fast bulk-loading algorithm, called bottom-up building. You can
set BOTTOM_UP_BUILD='"NO’ to not use bottom-up building to build the
R-tree index.

The algorithm assumesthat the four bulk-loading support functions (SFChits,
ObjectLength , SFCvalue, and SetUnion ) exist and are defined by the

operator classspecified in the CREATE INDEX statement. The section
[Functions|in [‘Creating a New Operator Class” on page 3-1( explains what
these functions do, if they are supplied by the DataBlade module you are
using. For example, the SFCvalue function returns a spatial key, which you
can use to sort input data. If the four bulk-loading functions do not exist, the
accessmethod builds the R-tree index using a slower algorithm.

You must also have previously created a temporary dbspace for the access
method to use bottom-up building when you create an R-tree index. If a
temporary dbspace does not exist, or it is too small, then the accessmethod
builds the R-tree index using a slower algorithm.

Use the following expression to calculate the minimum size, in bytes, of the
temporary dbspaceyou need to create an R-tree index with a 4-byte spatial
key:

numrows* (24 + L)
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The numrowsvariable is the number of rows in the table, and L is the
maximum size of the data objects being indexed.

Use the following expression to calculate the minimum size, in bytes, of the
temporary dbspace you need to create an R-tree index with an 8-byte spatial
key:

numrows* (30 + L)

The default value of the SORT MEMORY index parameter, specified in

[‘R-Tree Index Parameters” on page 2-4, is too small for most R-tree indexes.
For this reason, you should specify a larger value when you create the index.

Using the NO_SORT Index Parameter

If the DataBlade module that you are using provides a function that returns a
numeric spatial key given an object of the data type that is being indexed, you
can use this function to create a statically clustered table according to a
functional B-tree index. Then, when you create an R-tree index on the
resulting clustered table, the R-tree secondary accessmethod does not need to
sort the data asit builds an index from the bottom up, becausethe table is
already sorted according to the same criterion that the R-tree bottom-up build
would use.

To first sort atable and then create an R-tree index using the NO_SORT
index parameter:

1. Check your DataBlade module documentation for a function that returns a
spatial key given an object of the data type that is being indexed.

For this procedure, assumethis function is called SpatKey().
2. Create a clustered functional B-tree index on your table using the
SpatKey() function, asin:

CREATELUSTERIDEXbtree _func_index on
tablel (SpatKey(columnl));
btree_func_index is the name of the clustered functional B-tree index,
tablel is the name of the table, and columnl is the name of the column
that contains the spatial data.
3. Create the R-tree index on the spatial_column_nameolumn, specifying the
NO_SORT=YES’index parameter:

CREATHENDEXrtree_index ONtablel (columnl my_ops)
USINGRTREENO_SORT *YESe);

In the example, rtree_index is the name of the R-tree index and my_ops is
the name of the operator classassociatedwith the data type of column
columnl.

4. Becausethe R-tree index does not use the clustered functional B-tree index,
you can drop the B-tree index if you want:
DRORNDEXbtree_func_index;
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R-Tree Index Options

This section discussesthe options to the CREATE INDEX command that
R-tree indexes support.

Using the FRAGMENT Clause
R-tree indexes can be fragmented by expression. You cannot, however,
fragment R-tree indexes on the multidimensional column they index.

For example, if you create an R-tree index on a column of type MyShape, you
cannot specify this column in the fragment clause. You must fragment the
R-tree index on another column of a standard data type, such as INTEGER or
VARCHAR.

If you create an R-tree index on a fragmented table in a dbspace with the
default page size, the R-tree index is also fragmented by default. The index
fragments are automatically stored in the same dbspace as the table
fragments. You cannot create an R-tree index on a fragmented table in a
dbspace with a non-default page size.

The next section describeswhere you can store R-tree indexes or fragments of
R-tree index